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ROM a rare metal at five dollars a pound to a plentiful 

commercial metal at thirty cents is the achievement 
wivic th has put Magnesium and its alloys into the manu- 
facturers’ songs to work wonders with manufactured 
products, 


Magnesium, one of the most plentiful of all metals in the 
—— s crust, is also the lightest of all structural metals— 

, lighter even than aluminum and only V4 the weight 
a; iron. Now with our latest price reduction, it may “be 
had in carload lots at 30 cents and in less than carloads 
at 32 cents per pound, 


The availability of Dowmetal in fabricated forms as illus. 
trated, having only 14 the weight of steel, will at current 
prices suggest their use to improve products and give 
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them increased sales value by eliminating dead we ght. 
Dowmetal can be furnished in sdteaiiaaial quantitics in 
all the common structural forms, such as sheet, bars, rods, 
angles, channels and tees, as well as castings and forg ings. 


Gain the advantage of being the one to replace heavy, 
hard to handle products with light, strong, enduring and 
attractive improvements. Dowmetal may “be cast, rolled, 
drawn, fodaat, extruded and welded by methods common 
in industry. It is readily fabricated and is the easiest of all 
metals to machine. Write for prices on forms adapte -d to 
your product. 


Dowmetal Division 


DOW CHEMICAL COMPANY 
Midland, Michigan 


Take useless dead 
weight out of your 
products. 
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Physical Properties of ZAMAK-2 


Composition . . . 4% Aluminum 
3% Copper 
.05% Magnesium 
Balance Horse Head 


Special Zinc 


Tensile Strength . . 47,500 Ibs./sq. in. 
Elongation. . . . 56% 
impact Value . . . 15-20 ff. Ibs. 


This is the energy absorbed by a 14” x 4” 
Standard A. S. T. M. test bar. 


Compressive Strength 90,000 Ibs. /sq. in. 
Brinell Hardness 

Number (10 mm. 

ball with 500 kg. 

load for 30seconds ) 
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Improved Horse Head Zinc Alloys 
Broaden the Field for Die Castings 


Today's Horse Head Zinc Alloys withstand a great 


many conditions for which the old alloys could not be 
recommended. They develop superior physical properties 
and retain them for much greater periods. 


THE NEW JERSEY ZINC COMPANY 
160 FRONT STREET (7inc> NEW YORK CITY 
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EDITORIAL 


COMMENT 


Heat Treatment 


EAT treatment in the modern sense is a pretty 
recent thing. We can ourselves remember when 
the text-books told us that steel below 0.20 7% C, 
did not respond to heat treatment, and when steel cast- 
ings were all shipped green. We had been in metallurgi- 
4! work some years when a pioneer aluminum metal- 
lurgist told us there was nothing in Duralumin, since 
| worked aluminum alloys had far better proper- 
One would then have been laughed out of court 
f he had suggested that any copper-base alloys would 
md to quenching and tempering. 
those days, the harden- 


the journal articles in that field in an evening per 
month, and still have had time to glance over the 
Saturday Evening Post. 

There was then no need for an abstract service such 
as is now so essential a part of Metats & ALLoys. 
Papers by Howe, Campbell and Waterhouse, dealing 
with heat treatment, had appeared in the Proceedings 
of the A. S. T. M., and one of these listed a dozen 
prior papers that had dealt with heat treatment of 
high carbon steel. The A. I. M. E. for 1906 had one 
article on heat treatment. The need for the A. 5.5. T. 

had not yet arisen. Every- 





ind tempering of tool [-—— 
‘ ;, of some medium car- | 
bon and of a very few alloy 

chiefly nickel, and 
and then nickel chro- 


, were employed, but for future reference. 

the metheiie sani wane he this issue is the heat treatment of metals 
evi sidered horribly crude and alloys. 

iy. Pyrometry for Future issues will cover: 





reating was in a very | 
’ yonic state, and heat 
(ing furnaces were |] 
just a burner and a pile of — — 








With this issue we resume publication 
of feature articles in METALS & ALLOYS. 
It is the first of a series of reference num- 
bers, each of which is well worth saving 
The main theme of 


Forming of Metals and Alloys 
Joining of Metals and Alloys 
Finishing of Metals and Alloys 


= body in the world who could 
have entered into a scientific 
discussion of heat treatment 
would have made a very 
slim audience at a modern 
A.S.S. T. session, and those 
who were doing practical 
heat treatment would not 
have filled a very large 
stadium. 

Scientific apparatus for 
metallurgical research was 








lleable iron was annealed in much the present 


fashion, but the product was far less strong and far 
less ductile than it is to-day. Case carburizing was 
done, but gas carburizing was non-existent. Nitrid- 


ing, of course, was not dreamed of. Heat treatment 
of cast iron was equally non-existent. 

High speed steel had scarcely made its appearance. 
There was even then a demand for better steel for heat 
treatment, and the very first electric steel furnace in 
America was just being tried out. 

All this was not in Civil War days, either. We are 
harking back to only about twenty-five years ago, 
1. e., around the real beginning of the automobile era. 

On the scientific side, there were almost no teachers 
of metallography save the pioneers, Sauveur and Howe. 
Jeffries and Merica were still under-graduates. Bur- 
gess was then emerging from the chrysalis of a physicist 
into being a metallurgist. The iron-carbon equilib- 
rium diagram was just appearing in some of the 
more modern text-books of physical chemistry; the 
metallurgical journals of the world that dealt with 
heat treatment could be counted on the fingers with 
several to spare; it would not have strained anyone’s 
pocket book very much to buy all the books that dealt 
with heat treatment; and one could have read all 





scarcely more advanced 
than was the furnace and 
pyrometer equipment of the heat treating plant. 

Contrast this situation of a quarter-century or less 
ago, with the present knowledge and application of 
heat treatment, and with the present facilities for pro- 
duction, for control and for research, as shown by the 
articles in this issue of Mrrats & AtLoys, and by the 
program of papers and the exhibits related to heat 
treatment at the National Metal Congress in Boston 
this month. 

We wonder what changes we shall see in this line 
in the next quarter-century. Perhaps the curve of 
growth and improvement will show an even greater 
upward trend. Or will the curve become a closed 
loop like that enclosing the austenite field in some 
systems, and shall we be able, by some means not yet 
known, to produce new alloys of such superior proper- 
ties in cast and wrought form that heat treatment 
will become obsolete and unnecessary? 

We can be sure of one thing, the knowledge of alloys 
and of heat treatment, the exchange of that knowledge, 
and its practical utilization, will continue to increase, 
and our present “enlightened” state, on which we so 
pride ourselves, will appear as crude and embryonic 
in 1956 as the state in which heat treatment was in 
1906 does to-day. H. W. G. 
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AutomobileSteelsandtheir Heat Treatment 


Great strides have been made in the utilization of 
steel for automobile manufacture. Early models were 
built with parts heavy enough to provide adequate 
factors of safety to allow greater latitude in materials and 
heat treatment than are permitted to-day. The steady 
increase in power of automobile engines, the demand for 
better performance and the intolerance of failures have 
made necessary the use of more durable materials. 
This has caused a trend toward materials possessing 
higher physical properties and toward heat treating 
methods which insure these higher physical properties 
in every piece treated. 

It has long been recognized in some quarters that two 
heats of steel of similar analysis and falling within 
limits of a certain specification might not be the same 
physically or respond alike to the same heat treatment. 
There was a time when those who appreciated this fact 
assumed that it was a necessary evil and took steps to 
vary heat treating processes to get the desired result 
with each heat. A case in point was the practice at a 
certain plant making army rifles during the war. 
Every heat of gun barrel steel received was subjected to 
tests to determine what changes in heat treatment were 
necessary to obtain the physical properties specified for 
this part. Large quantity production of small parts 
which go to make up automobiles or other comparable 
articles of commerce, made it apparent that such meth- 
ods are wasteful and that the steel for a given part 
should be of such uniformity as to make unnecessary the 
frequent adjustment of heat treatments to meet the 
changes in steel quality from heat to heat. The cause 
for variation in response to heat treatment may be re- 
solved into variations in chemical analysis from a little 
under the minimum to a little over the maximum speci- 
fied for each element on the one hand and variations on 
the other hand in physical quality as a result of differ- 
ences in the method of steel manufacture and quality of 
raw materials. 

The first steps taken toward relieving this situation 
were directed at the more tangible of the two causes 
with the result that instead of steel being bought on 
specifications calling for a range of 10 points in carbon, 
a limit of 5 points was set. The use of steel coming 
within this narrow range is of great assistance in ob- 
taining more uniform results and makes possible con- 
tinuous heat treatment without juggling temperatures 
to accommodate changes in composition from heat to 
heat of steel. An intimate knowledge of how variations 
in other elements such as manganese, nickel, silicon and 
so on affect proper heat treating temperatures and 
properties obtainable, in conjunction with the desire to 
have one heat treating temperature for all heats of steel 
of a given specification, is responsible for the limits set 
in steel specifications as they are to-day. This type of 
control simply increases the assurance to the engineer 
that parts so made have the physical properties upon 
which the design of the part was based. This demand 
for greater uniformity has had its influence upon heat 
treating equipment to the extent that those furnaces 
and control methods are used which give the least varia- 
tion from the optimum temperature and atmospheric 


conditions. In the case of large capacity furnaces this 
has made the box type furnaces give way to the con- 
tinuous furnaces. Electric furnaces are used to attain 
this uniformity and the design of gas and oil fired fur- 
naces has been improved because of these demands. 

With all these aids to uniformity, there still remains 
the question of quality variation of raw material. The 
McQuaid-Ehn or similar tests are being resorted to 
more and more to detect such variations. Grain size 
specifications are becoming more common in purchasing 
steels not only for carburizing steels but also for the 
higher carbon steels. From the time when the first 
efforts were made to control grain size and cementite 
condition in steels, considerable progress has been made. 
We have acquired a general knowledge of the qualita- 
tive nature of properties associated with these different 
conditions; but there is a dearth of quantitative infor- 
mation on physical properties after heat treatment as- 
sociated with variations in grain size and normality in 
the steels commonly used for automobile manufacture. 
There is an abundance of data in the literature compar- 
ing physical properties of different grades of steels, but 
not enough relating to variations encountered in any 
one grade of steel over a large number of heats made by 
different manufacturers. 

Another factor affecting the uniformity of heat 
treated steel products is the type of scale formed upon 
heating in furnace atmospheres. The amount of scale 
formed and the tightness with which the scale clings to 
the steel during quenching influences the degree of 
hardening obtained. Improvement in hardening has 
been obtained by the use of controlled atmospheres in 
gas and oil fired furnaces, by the use of electric furnaces 
and by the use of special fuels like butane. Here again 
we need some quantitative information upon the exact 
influence of heating atmosphere upon the character and 
amount of scale formation and its influence upon the 
degree of hardening obtained. 

The demand for better quality in automobile parts at 
the same or lower cost, or lower cost without sacrifice of 
quality, has had its influence on materials and heat 
treatments. This trend may be illustrated by a few 
examples. Nickel molybdenum steels have replaced 
5% nickel steel in some instances on account of lower 
material and machining costs. Grain size control in 
carburizing steels has made it possible to obtain uni- 
formity in carburized gears quenched from the carburiz- 
ing box thus simplifying the treatment and improving 
the properties. SAE 1300 series manganese steels have 
found use in places where more expensive steels were 
formerly used. Nitriding has found but few appli- 
cations in automobile manufacture. Where high sur- 
face hardness is needed, the requirements have been 
met by adjusting the design to make lower cost material 
satisfactory. 

Anything that can be done toward the procurement 
of a more intimate knowledge of the possibilities of 
materials and what methods are necessary to get the 
highest degree of uniformity with these materials s0 
that better cars can be furnished the customer at no in- 
crease in cost seems to be a prevalent desire. A. L. B. 
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‘Brains’ 


When Dr. C. B. Dudley, the first chemist of the 
Pennsylvania Railroad, and probably the dean of rail- 
road chemists, spoke before the Chicago Section of 
the American Chemical Society some twenty years 
ago, he referred to his first arguments with his superior. 
He told him that he needed glassware with which to 
work and requisitioned some beakers, but his requisition 
was turned down with the remark that their former 
restaurant, now defunct, had been well supplied with 
tumblers and glassware and that he could use all he 
wanted. 

Visiting some of the modern research laboratories 
now, one is forcibly reminded of the marvelous change 
which has taken place in the viewpoint of the business 
executive toward testing and research laboratories. It 
was not longer than twenty years ago that any old 
dark corner or a space under some stairway was con- 

lered good enough for the “chemist” and his labora- 
tory. He was expected to work with dust and smoke 
pouring in upon his one balance, his beakers and test 
tubes, and often his results and even his opinion were 
given just about the amount of consideration that 
would be expected from a boss who had him work 
under such adverse conditions. 

ow much of this is changed, though only the start 

has been made. New and specially designed build- 
ings are put up to house the laboratory, and the workers 
given every consideration in the way of proper 
lighting, ventilation, freedom from dust and smoke, 
wile the latest and best of apparatus with which to 
is furnished them. Even in the organizations 


which long had the reputation of being “hard boiled” 
toward their technical men, this different policy now 
prevails. New research laboratories, adequate appara- 
tus and sufficient technical help are available and all 


that the chief chemist, the chief metallurgist and the 
director of research now have to pray for is the “brains” 
to use their forces to the best advantage. L. W. S. 


* @ ¢ 


The Need for Criti- 


cal Summaries 


In recent years we have seen a tremendous increase 
in scientific output, as measured by the number of 
papers published; this increasing output is largely 
the result, direct or indirect, of the continuously greater 
interest of industry in scientific research. A large 
proportion of these papers contain little that is original 
or new; many of them deal with questions already 
substantially settled—which may or may not be known 
to the author—others are devoted to the promulga- 
tion of erroneous beliefs or convey to the reader only 
a part of the truth. The consequence is that, in order 
to ascertain just what is now known about a topic, 
one must in so many cases read through an enormous 
amount of material, much of it irrelevant, and is lucky 
if one does not meet with major contradictions or in- 
consistencies. The not infrequent result is that in 
spite of a great deal of work one may not be able to 
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reach an adequate basis of judgment and may even 
be led to wonder as to how many of the statements 
can safely be taken at their face value. We have all 
been accumulating observations, in part incompletely 
controlled even though frequently designated as facts, 
much faster than we have learned to digest them and 
assimilate them into our system. And in no branch 
of physical science is this uncertainty as to experi- 
mental evidence and the admissible deductions from 
it greater than in the branch concerned with the study 
of metals. 

The situation calls for a greater number of more 
critical reviews of specific topics, aiming to point out 
what may be regarded as established and what is still 
uncertain or unknown, and thus to suggest where 
experimental work is needed. Recently the need for 
such critical summaries has begun to be more widely 
recognized; for instance, in the Alloys of Iron Re- 
search project, sponsored by Engineering Foundation 
and supported, through the codperation of the Ameri- 
can Iron and Steel Institute, by industry, and in the 
aims of this magazine. But much remains to be done, 
and we cannot have too much critical discussion of 
the many questions which still remain so puzzling to the 
practical metallurgist. It would seem, therefore, that 
progress in the science of metals, and in its applica- 
tion, will be aided by any one who, having arrived at 
a viewpoint from which a group—even quite a small 
group—of phenomena appear to be akin, will take 
the trouble to present his view of the matter in a 
reasoned, critical, concisely written paper. As another 
step in this direction, we should encourage authors 
of papers describing an experimental investigation, 
to fit the results of their survey into the map of the 
general region, and to attempt to indicate what further 
surveys are needed to make the map a thoroughly 
satisfactory guide. To do this would enhance the 

value of the work to the general reader, by enabling 
him more easily to grasp its significance; it would 
not necessarily make papers longer in general, if the 
author (or editor) would see to the abridgment of the 
purely experimental details and results by the exclu- 
sion of those which at this date are unnecessary; and 
it would tend to hinder publication of certain papers 
by exposing their lack of significance. ‘These are con- 
summations devoutly to be wished, and far from 
easy of attainment; let us at least recognize more 
widely the necessity of more critical summaries, and 
strive to secure them. J. J. 


* @© + 


Sweep out the Nooks 
and Corners 


During the trough of the period of depression, we 
asked a research man connected with a large steel com- 
pany whether his laboratory found much to do while 
the plant, like other steel plants, was working at some 
50% of capacity. He said, “Oh yes, we're sweeping 
out the nooks and corners.” 

This expression well characterizes the great mass 
of our present-day progress in science and engineering. 
It is given to few to make epochal discoveries and in- 
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ventions. Most progress comes from improvements 
upon materials and processes already familiar, but 
which need to be more closely controlled in order to 
achieve a little better uniformity, a little higher quality. 
Even the brilliant basic discovery never works just 
right till many people begin to use it, and start patiently 
to iron out the “bugs” on this and that detail. 

Certainly intensive study of little things is worth 
while, especially the application of new tools for, and 
methods of, research to those time-honored methods 
of metallurgical production that have been carried out 
in the same old way so long that it scarcely occurs to 
us to question whether that is really the right way. 

It is just as important to maintain uniformity of 
present products by the exercise of greater care and 
cleanliness, by the development of automatic meth- 
ods of control, by working out and applying adequate 
tests and specifications for the raw materials and for 
the product itself, by saving a few pennies here and a 
few there by improved manufacturing methods as it 
is to develop new products or those of new and strik- 
ing properties. It is not so spectacular to plug along 
on the minutiae as it is to break new ground, but it 
is equally important for future dividends. 

But in all our research we find it necessary to repeat 
older pathfinding work in greater detail, with more 
modern apparatus and more care, in order to get data 
accurate to another place of decimals, for we need more 
refined data. No research problem is ever finished. 
The farther we go, the more details appear for atten- 
tion. As major difficulties are solved and big variables 
are brought under control, smaller variables that were 
previously obscured by the larger variations must be 
given attention. Truly we are in an era when much 
of our effort has to be devoted to “sweeping under 
the bed,” cleaning up the minor problems we may 
not even have recognized before. 

Fortunately, most forward-looking firms kept their 
research staffs intact during the period of depression, 
and have done a good deal of cleaning up on plant 
troubles that needed solution, but could not be studied 
in a period of intense production without hampering 
output. The more fundamental research problems may 
temporarily have received less attention, but there is 
a place and a time for both types of problems. The 
plants that have seized the opportunity to look into 
the nooks and corners may find the depression a bless- 
ing in disguise, enabling them to produce more effi- 
ciently when production does pick up. Those who at 
the first hint of lowered production, drop the men 
capable of sweeping under the bed, will always find 
it more difficult to compete when orders again begin 
to be distributed. H. W. G. 


* © 


Technical Society 
Committees 


The bulk of the work of most of our scientific and 
technical societies is necessarily done by committees 
and sub-committees. The work has to be done if 
continued progress is to be made, and more com- 
mittees-are constantly formed. 
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Committee work is generally undertaken because 
it has a bearing on the activities of the firm or organiza- 
tion with which the committee member is connected, 
and is undertaken with the full approval of the mem- 
ber’s employer. But the committee work is always 
a side issue; the member has a full-time job to attend 
to, and the committee activities are added ones. So, 
ordinarily, the committee work is, in effect, done on 
the member’s own time, for if he does committee work 
in office hours, it means that he takes other work home. 

Hence, he must have a real personal interest in the 
work of the committee, or he will not be a worker. 
And a non-working committee member is a drag on 
the whole committee. At any meeting which he hap- 
pens to attend, much time must be spent posting him 
on things he would be in touch with had he been a 
worker. It is often necessary to persuade him of the 
necessity for past committee actions that have been 
previously well thrashed out, before his point of view 
approaches that of the active workers. Yet his vote 
counts, and he must be dealt with. The most press- 
ing need in many of the older committees is a pruning 
of dead wood. 

By the same token, most committees are too large. 
They start out by appointing, for the sake of their 
names, men of reputation and standing, whose personal 
interest in the committee is slight, who cannot grace- 
fully decline appointment, but who never really ex- 
pect to be anything but a figure-head. Such men 
may be wonderful workers when they are interested, 
but terrible flops when their interest is perfunctory. 

One cannot blame such a man for failing to be «c- 
tive, for the work of a live committee does take time, 
and added to all his other duties, the work might be 
the last straw on the camel’s back. 

We can properly blame him for appearing to acc«pt 
a responsibility, but the real blame rests on the socicty 
officers or the committee chairmen who force an ac- 
ceptance from a reluctant appointee. 

Names are far less important than ability and interest. 
In most fields there are second-line men, compara- 
tive youngsters, who indeed often know more about 
the particular subject on which they are working tlian 
their chief can. Their attention and interest are not 
so ramified that there would be anything perfunc- 
tory in their committee work. Indeed, such men 
would generally prize the opportunity to rub shoulders 
with other committee members and would count their 
own time put on committee work as well spent in build- 
ing up a professional acquaintanceship and reputa- 
tion. A committee made up of a few older men, for 
experience and balance, choosing those who are s0 
vitally concerned with the subject that they will take 
the job seriously, and of a good proportion of active 
youngsters, “comers,” for verve and speed, will have 
maximum effectiveness. 

Not only would a little more attention to this prin- 
ciple liven up the committees, and be helpful in the 
broadening of the youngsters, but it would be helpful 
from the point of view of the society. The old-timers 
will drop out sooner or later, and others must be com- 
ing along to take their places. The wheel-horses should 
gradually be turned out to pasture and the colts 
harnessed. H. W. G. 


(Continued on page 116) 
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Production and Heat Treatment 


of 
ALLOY STEELS 


BY R. A. BULL’ 


Apathy Prior to World War 
FTER an existence of nearly fifty years in America, 
the steel casting industry began for the first time to 
take a constructive interest in the manufacture of 
necial steels for castings, almost coincidentally with the 
beginning of the World War. While there was an appre- 
ble amount of austenitic manganese steel castings 
duced in this country twenty years ago, the effort 
in devoted to the production of unusual steels in the 
indry was insignificant, except in a few plants. 
\ ar-time demands on the steel casting industry brought 
ome to it the conviction that many designers of in- 
istrial equipment would soon require steel castings 
ving more impressive combinations of physical 
perties than were being regularly produced. 

[he former reluctance of the industry to pioneer in 
oy steel manufacture was 
tially due to the some- 
at passive attitude of 
y consumers, in respect 
eduction of weight, bar- 
the progressive spirit 
t prompted users of cer- 
iin railroad and other 
juipment to resort to steel 
castings, in obviously neces- 
iry substitutions for 
weaker materials. In many 
cases, when such changes 
were made, the engineers 
were satisfied, displaying no 
keenness about further 
weight reduction; failing to realize, perhaps, that ad- 
ditional economies were attainable from the higher 
yield point, tensile strength and other physical test 
values, already demonstrated as typical of alloy steels. 
Prior to 1918 there was no generally manifested ten- 

dency to extend the policy of sectional reduction. 


had to be m 


The Beginning of a New Era 


In several respects the World War greatly stimulated 
metallurgical effort in American steel casting plants, 
however disastrously it resulted in many ways. For 
one thing, it thrust physical testing machines into more 
extensive use. When the conflict terminated, many 
foundries began to experiment in the manufacture of 
special steels. Some such plants had experienced dif- 
ficulty in meeting Army specifications. Naturally, all 
of this brought about marked improvement in heat 


* Director, Electric Steel Founders Research Group, Chicago. 


HE commercial development of alloy cast steel 
has advanced further than many people realize, 
but is due to advance still further. This article 
makes the interesting comment that, since electric 
melting in relatively small furnaces is now so com- 
mon, it is economically possible to guperiment Sieh te, chic ie. wie 
commercially with special alloy steels; while if they 
ade in large open-hearth heats, the cost 
of experimentation would be prohibitive. Under 
present conditions we may expect an increasingly 
rapid development of special cast steels and of heat 
treatments calculated to bring out their best prop- the number of individual 
erties, for special types of service. 


treatment practices, whether such treatments were ap- 
plied by simple or by elaborate procedures. Furnace 
builders diligently applied themselves to the new order 
of things with much success. The more effective use of 
oil and gas was accompanied by the adaptation of 
electrically generated heat. Many obsolete annealing 
ovens were scrapped. Considerable sums were ex- 
pended for well designed heat treating furnaces, and for 
pyrometric equipment necessary for their proper 
operation. .And the result was the gradual acquisition 
by the steél casting industry, of heat treating equip- 
ment which now compares favorably with that used in 
any other branch of manufacture. 

About the time of the World War, there began the 
striking, continuous development of relatively small 
industries, which has been commented on by economic 
historians. In each of many 
of these new industries, 
comparatively small ton- 
nages of steel castings were 
needed. In some instances, 
as, for example, in auto- 
motive lines, greater resis- 


quired, in conjunction with 
smaller metal sections. 

This industrial develop- 
ment, by greatly increasing 


demands for relatively small 
tonnages of steel castings, 
brought about the installa- 
tion of many electric arc furnaces in the steel casting 
industry, which had previously been dependent to very 
large extent on individual purchases in large tonnages. 
As the number of electric melting units became greater, 
and as there were thus automatically provided means 
for the manufacture of steel in small quantities, there was 
made available to the steel foundryman a much better 
opportunity than he had had before for producing alloy 
steels, simply because of the relatively small capacity 
of the furnace employed. Previously many progressive 
steel foundrymen who were desirous of experimenting 
with special steels for castings had been unable to secure 
orders for alloy steels in such substantial tonnages as 
would make manufacture practicable in their relatively 
large open-hearth furnaces. It happened that a great 
many industries consuming steel castings in moderate 
tonnages, became seriously interested in ascertaining 
what benefits could be derived from alloy steels. Asa 
result, the demand collectively considered, for cast alloy 
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steels, increased coincidentally as the average tonnage 
demand per consumer became smaller. 


Statistical Data Showing Demand Tendencies 
Looking back a few years, we find some statistics 
which are interesting as showing the extent to which the 
industry as a whole has utilized the alloy product of the 
steelfoundry. According to the American Iron andSteel 
Institute surveys which, in respect to this product, began 
with the year 1910, it is not superficially apparent that 
war-time use, with its extraordinary demands on the 
steel casting industry, had any immediate significant 
influence. The effect of seriously considering for each 
industrial purpose the properties approximately as- 
certained in the laboratory, was to come later. The 
result is seen clearly in the statistical data for 1923. 
The figures below show the tonnages of alloy steel cast- 
ings, for the ten year period ending with 1930. These 
data are expressed in net 
tons, translated from the 
gross ton figures reported 
by the Institute, in its 
annual summarizations: 





1921 45,086 1926—163,633 
1922 66,196 1927—163,345 
1923—103,286 1928-—190,045 
1924 96,262 1929—216,071 
1925—126,093 1930-—141,264 


It may be remarked in 
passing that in 1910 the 
output of alloy steel cast- 
ings in the United States 
was less than 33,000 net 
tons. The tonnage figures 
become more interesting in 
showing the progressive 
proportionate increase of 
the special foundry steels 
when some percentage 
figures are calculated. 
For example, alloy steel 
castings made in 1910 rep- 
resented but 3.1% of the 
entire output of the indus- 
try. Ten years later, the 
proportion was 5.5%. 
Last year the showing was 
11.4%. Of the tonnage representing this propor- 
tion, open-hearth furnaces produced a little less than 
and electric furnaces produced a little more than 
48%, the remaining 4% being made in converter 
foundries. 

At present the steel casting industry is well equipped 
with melting and heat treating facilities to serve all 
other industries with special steels to suit peculiar con- 
ditions of service. Yearly, many manufacturers who 
have previously purchased substantial amounts of cast- 
ings restricted to the common grade of steel, are finding 
it advantageous to utilize special steels, whereby many 
of them have materially reduced the weights of parts 
and have lengthened the life of equipment. 

The writer believes the proportion of alloy steel cast- 
ings to total steel castings will increase noticeably from 
now on, because economy promises to be stressed 
emphatically hereafter. Maintenance expense will be 
sharply scrutinized by purchasers of all kinds of equip- 

ent. It will be the cost in the long run, and not the 








Three-ton electric arc furnace. This is the size and 
type of furnace that is utilized for most of the alloy 
steel castings produced to-day. 
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purchase price only, that will govern material selection. 
In many cases, this will necessitate the use of alloy 
steel castings. 


Impressive Properties of Common Steels 

The average purchaser of steel castings ordinarily 
thinks restrictively of the employment of one or more 
special alloys, when he considers the product of the 
steel foundry in connection with combinations of phys- 
ical properties that are noticeably more impressive than 
those required in current specifications for carbon steel 
castings, adopted by the American Society for Testing 
Materials. Some consumers do not realize that 
significantly improved properties may be developed in 
ordinary grades of steel used for castings, by judiciously 
selected heat treatments. Liquid quenching provides a 
very useful detail of treatment adaptable to carbon and 
to numerous grades of alloy steels. Many types of 
steel castings may be 
water-quenched or oil- 
quenched without injury, 
when proper care is exer- 
cised in the withdrawal of 
the material from the 
annealing oven at the cor- 
rect temperature; in the 
skillful immersion of the 
castings in the cooling 
bath; in maintaining the 
quenching medium at a 
suitable temperature; and 
in withdrawing the parts 
from the tank at a tem- 
perature above that point 
which might produce 
quenching cracks. Natu- 
rally, these defects are 
more apt to occur when 
great sectional inequalities 
exist than when thicknesses 
of members are fairly com- 
parable. In the case of 
valve castings, present 
A. 8. T. M. specifications 
prohibit liquid quenching, 
obviously because many 
such parts have very thick flanges jointed to very thin 
body-walls. It will illustrate the writer’s references to 
significant physical properties obtainable from common 
or carbon steel by special heat treatments, to mention 
characteristic results advertised by a manufacturer of 
good standing who states that he gets tensile strength 
values ranging all the way from 80,000 to 125,000Ibs. /in.’, 
accompanied by reductions of area varying from 60 to 
15% in cast carbon steel, containing no special element, 
following water quenching and drawing. These differ- 
ences in tension test results are said to depend entirely 
on the temperature of the drawing treatment. When 
liquid quenching is skillfully applied, it is apparently 
adaptable to many types of castings. 

To aid the intelligent comparison of some of the 
figures quoted above with those obtained in testing 
the ordinary variety of steel used for castings for most 
miscellaneous purposes, it may be stated that the cus- 
tomary soft grade of carbon steel manufactured to-day 
in jobbing foundries regularly shows ultimate strength 
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values in the tension test of approximately 75,000 
lbs./in.? Steel of this grade, given a simple normaliz- 
ing or full annealing treatment, unaccompanied by any 
supplementary treatment (such as a liquid quench or a 
draw) readily meets the minimum requirement of 
70,000 Ibs./in.2 in many commercial specifications. 
Such material has good ductility and machines easily. 
It is a dependable grade of soft cast steel and satisfactor- 
ily meets many industrial requirements. 


Comments on Varieties of Alloy Steels 


The manufacture of alloy steel castings rather easily 
divides itself, in designation of classes, despite some 
differences of opinion as to where to draw the line 
between common steel and alloy steel. These disagree- 
ments relate mainly to a grade of metal now being pro- 
duced in relatively large casting tonnages yearly, which 
has found favor in many industries where something 
better than ordinary steel is needed, but where circum- 

inces have not seemed to justify a cost price applicable 

. grade of steel that has for several years been more 
ess generally recognized as an alloy grade. 
his cheaper grade of alloy steel for castings has been 
ned by some “‘medium manganese,” and by others 
irlitic manganese.’’ The metal usually has a man- 
se content between 1.25 and 1.50%, as compared 
a manganese content around 0.75%, customarily 
din the ordinary or common grade of steel put into 
tings. Such steel has been found very satisfactory 
many applications, where greater resistance to ser- 
stresses is needed than is afforded by the old-time 
uct of the steel foundry. 
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Once we depart from the field of medium manganese 
steel, and enter the realm of steels universally regarded 
as being of alloy grade, we encounter fewer differences 
of opinion as to classification by name. Here we have a 

rariety of alloys, such as chromium, nickel, vanadium, 
molybdenum, tungsten and other elements, each fre- 
quently utilized in relatively small proportions, and 
produced in combinations, sometimes with, sometimes 
without normal percentages of the customary elements, 


consuming industries. 

It has not been widely appreciated by consumers that 
the effects of a given relatively small percentage of an 
element such as nickel, or chromium, or molybdenum, 
introduced in conjunction with a normal percentage, 
say of silicon or manganese, are vastly different from the 
effects of the same percentages of these special elements 
when used in conjunction with unusual proportions of 
the two commoner ones mentioned. Silicon and man- 
ganese have demonstrated themselves to be impor- 
tant factors in developing extraordinary properties 
obtainable only when employing the more expensive 
elements. 

Considering the unusual properties determined in 
steel castings from the extreme other end of the com- 
position scale, and omitting, for lack of space, detailed 
discussion of the commonly known alloy steels that con- 
tain chromium, nickel, molybdenum and vanadium, in 
percentages that are familiar to those who regularly 
purchase well-known grades of alloy steels, wrought or 
cast, it is in order to mention specifically, as representing 
material now being produced in many steel foundries to 





Furnace for specially heat treating small castings. 
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increasing extent, the higher 
alloy steels often called 
‘complex,’ and occasionally 
designated broadly as fer- 
rous metals rather than as 
Castings of such 
metals are now demanded 
for many applications where 
corrosion, oxidation at high 
temperature and other very 
severe agencies quickly 
shorten the life of steels of 
the carbon and simple alloy 
grades. 

The manufacture of any 
such metal (as the “stain- 
less’ variety, “eighteen- ar 
eight,”’ and other grades, if _ 
including that frequently _, 
containing 35% nickel and 
15% chromium) is success- 
ful only when experience is 
acquired along specialized 
lines. In the foundry, the 
behaviors of these metals 
differ from those observed in 
casting carbon steel, or the 
simpler alloy steels. Melt- 
ing equipment needs to be 
specially adapted for the 
most satisfactory manufac- 
ture of some of these metals. In certain varieties there 
must be maintained through the most skillful furnace 
practices possible to establish, very narrow ranges 
in chemical composition. Special precautions must be 
taken in pouring, in shaking out and in cleaning. Un- 
usual sand mixtures for molding are often found 
best toemploy. Some defects that are not significant 
in the case of carbon steel castings, are very hazardous 
in certain high alloy steels. Despite the relatively great 
cost incurred in the manufacture of castings from many 
of these complex grades of metal, there are numerous 
uses where the longer life of the product more than 
justifies its selection. 


steels. 


y Fe ai £ j 


The Influence of Heat Treatment in Obtaining 
Varied Properties 


Engineers generally realize that certain desired 
properties in alloy steels may be obtained only by 
employing carefully selected, closely regulated heat 
treatments. Consumers as a class know that each of 
several heat treatments given an alloy steel will develop 
properties differing greatly from those produced by 
another treatment. The great extent to which differ- 
ences in physical properties are thus obtainable may be 
appreciated by reference to a few test, results. 

It has been announced to the tradé by one reputable 
producer, that a grade of alloy steel régularly being put 
into castings is peculiarly susceptible to the tempering 
treatment, after being normalized at a temperature of 
1650° F. When the drawing températurelifi 
400° to 1200° F., the representativesyiel} 
from 180,000 to 100,000 Ibs./in.?, “ad@®the ultimate 
strength varies from 195,000 to 115, Ibs./in.? Per- 
centages of elongation and reduction of area run from 
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Recently designed twin-chamber electric heat treating furnaces—-one 
for heating castings, the other for slowly cooling therm. 


10 to 21%, and from 30 to 50%, respectively. A 
Brinell hardness of 440 results from a draw at 400° ©, 
while one of 255 is obtained when the metal is drawn at 
1200° F. 

It is clearly apparent that this steel (which conta s, 
in addition to the five ordinary elements, several more 
expensive ones) is adapted to each of many extrsor- 
dinary uses, quite different from each other. Here 
we have a good illustration of the manner in which one 
grade of alloy steel for castings may be variously utilized 
according to the nature of the heat treatment given the 
material. 


Delayed Formulation of A. S. T. M. 
Specifications 


There are two phases of the cast alloy steel situation 
which are not now generally understood. One of these 
relates to delay that has resulted in the preparation of 
specifications promulgated by the American Society for 
Testing Materials for this product. Thus far, the 
Society has not adopted tentatively or as a standard, 4 
specification for any grade of alloy steel castings ex- 
cepting those of the austenitic manganese variety. 
Nevertheless, for several years the Society has sought 
sufficient data on physical properties to justify the 
formulation of purchase requirements. The principal 
reason for the considerable length of time consumed in 
formulating specifications lies in the relatively large num- 
ber of plants now engaged in alloy steel casting manu- 
facture, which were not producers of this material a few 
years ago. Foundries do not acquire broad experience 
quickly. Combinations of physical properties believed 
by experienced producers to be suitable for specification 
purposes, are accepted only with important reservations 
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by manufacturers who are passing through an appren- 
ticeship. Whereas ten years ago there were very few 
steel foundries that regularly produced alloy steel cast- 
ings exclusive of Hadfield’s manganese steel, probably 
to-day the majority of the 300 or more steel casting 
plants in this country occasionally make one or more 
grades of alloy steels, while a fairly large number of these 
plants make several grades every month. In a few 
steel foundries, for several years, the greater portions of 
the outputs have consisted of alloy steel castings, ex- 
clusive of austenitic manganese steel. 


Special Technique Needed for Special Steels 


The successful production of alloy steels for castings 
often involves the application of principles in shop 
technique which are totally different from those prop- 
erly governing the manufacture of wrought steels of the 
same chemical compositions. 
Wherever steel castings of any 
kind are made, shrinkage exists 

major problem, requiring 
practical experience for solution. 

Che degree of contraction in 

ings made from any grade of 

| is governed, to a very large 

ent, by the design; and to 

siderable extent, by the pour- 

temperature, which latter 

iid also be regulated by the 

on, in so far as thicknesses of 

ion are concerned. For these 

ons, one who makes jobbing 

niscellaneous castings and who 

lertakes to produce castings of 

ely differing designs from a 

of steel with which the 

men are unfamiliar, may 

only deliver an unsatisfactory 

product, but suffer heavy losses 
himself, 
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quate resistance of the plastic or partially frozen metal 
when it endeavors to shrink according to the laws of 
nature, in a mold that materially retards natural con- 
traction. Such ruptures as occur under the circum- 
stances just mentioned are called “‘hot cracks,’ while 
other fissures resulting from unskillful grinding, burning, 
etc., are termed “cold cracks,’”’ being formed after the 
metal has cooled, following the pouring operation. 
Nevertheless, these so-called cold cracks are, in fact, 
frequently due to heat. They are readily distinguish- 
able when the casting is torn open for explorative 
purposes, by bright fractures; while shrinkage or hot 
cracks (which are frequently wide enough to permit 
observation of the sides of the crevices) show the dark 
color caused by oxidation while red hot. 

The explanations that have been offered may indicate 
that the responsiveness to heat application (which, to 
their great potential advantage is 
characteristic of many alloy steels 
adaptable for castings) represents 
one significant factor among 
several that constitute hazards 
when operations are performed 
inexpertly for the production of 
the material discussed in this 
article. These conditions are not 
always realized by those who 
purchase alloy steel castings. 

Occasionally, buyers of this 
product indicate their belief 
that the extra expense incurred 
in producing alloy steel 
castings is regulated almost ex- 
clusively by the additional costs 
for the special raw materials put 
into the furnace. The consumer 
cannot be expected to have a 
clear idea of the expensive pre- 
cautions resulting from experi- 


Chrome-nickel pinion which lasted a year nce, which must be observed, 


his factor of shrinkage or con- —- under extraordinarily severe conditions. It excepting as the producer takes 


43 Sus : took the place of a carbon steel pinion 
ction ride 4 
on, if not properly provided which required replacement about 
every two months. 


‘or in foundry practice, may cause 
serious defects during the initial 
stages of manufacture, in cavities or in hot cracks, or 
both. The contraction phenomenon is of much greater 
significance in the production of several grades of alloy 
steel castings than when carbon steel castings constitute 
the entire output. 

After the pouring and solidification of an alloy steel 
casting, which may subsequently be found free from 
shrink holes or shrinkage cracks, the part as cast, at- 
tached to gate and risers, may be extremely sensitive 
to temperature changes. That is largely dependent on 
the nature of the chemical composition. This suscep- 
tibility may be demonstrated forcibly and disastrously 
during certain manufacturing operations, such as shak- 
ing castings out of the flasks too hot, burning heads off by 
means of the gas torch applied too closely to certain 
members of ‘temperamental’ tendencies, and grinding 
surfaces of heavy sections, at high speeds. There are 
grades of alloy steels used for castings which are so 
sensitive to these temperature changes that exceptional 
care must be exercised to avoid producing what are 
called “cold cracks,” as distinguished from cracks due to 
red-shortness. The latter are occasioned by the inade- 





occasion to explain the nature of 
conditions that must be met. 

Of late there has been consid- 
erable matter published, stressing the importance of 
design for the production of satisfactory steel castings. 
It may be appreciated from what has been explained in 
this article that the factor cf design, while very in- 
fluential in the case of a carbon steel casting, is of tre- 
mendous significance in respect to many grades of alloy 
steels; that the two essential factors of intelligent 
designing and skillful foundry practice are of equiva- 
lent importance in the successful manufacture of cast- 
ings from each of many grades of alloy steel. 

Steel casting manufacture consists of a peculiar com- 
bination of art and science. It presents a most promis- 
ing field for useful investigation. It becomes an 
absorbingly interesting field when the effort is made to 
develop technique for the satisfactory production of a 
large variety of alloy steels for castings. Fortunately 
for all concerned, there now prevails in the steel cast- 
ing industry, a widely manifested spirit of exhaustive 
research in this and other respects, which may be 
confidently depended on to produce results of great 
value to those who design and ‘Use industrial equip- 
ment. » 









































HE method of carburizing steel by the introduc- 
tion of oil into a heated retort is not new. At- 
tempts have been made in the past which indicated 
the simplicity, convenience and speed of this carburiz- 
ing method, but until recently equipment had not been 
satisfactorily developed and the correct proportioning 
vu! the oil was not perfected. The pres- 
ent equipment and method have been in 
commercial operation about one year. 
The author does not wish to be placed 
in the light of championing this method 
over the older methods, as his interest 
in oil carburizing is only from the stand- 
point of the user. The success of this 
method, as with all new 
methods, will be decided not 
by discussions in technical 
meetings, or technical litera- 
ture, but by the satisfaction 
of the user of the process and 
the consumers of the products 
of that process. 


Fig. 2 


The points to be covered are: 

A brief description of the apparatus and its opera- 
tion. 

Methods of loading the charge. 

The effects of time and temperature on case 
depths. 

Control of carbon content. 

The uniformity of case depths and carbon content 
throughout.the charge. 


* Lindberg Steel Treating Co., Chicago. 


Oil asa Carburizing Medium 


BY A. J. LINDBERG’ 






















The question of operating costs has purposely been 
omitted as of no importance metallurgically, except 
that any process must be economical within reason, 
before it can be of interest in practical heat treating. 
A careful check of these costs, even with our rather 
high electric rate, seems to indicate that the economics 
of the method are quite satisfactory. 

Another subject carefully avoided is 
the question of electricity versus fuels. 
We may have our own ideas on this sub- 
ject, but do not believe they have any 
bearing in this case. The retort could be 
heated with gas instead of electricity. 








Fig. 1 Fig. 3 





A retort using gas as a carburizing medium can in 


turn be heated with electricity. 

As a matter of fact the term “Gas Carburizing”’ 
might just as well be applied to this process, for the 
carburizing medium is gas which is generated in the 
retort as soon as the oil drops into the heated zone. 
The main point of difference, however, is that the oil 
is compounded to yield a gas most suitable for this 
use, while it is very apparent that city gas is not manu- 
factured with its suitability for carburizing as the 
main object. Uniformity of the resultant gas from 
a definite carburizing oil is possible to a much greater 
extent than with city gas which may be a variable 
mixture of coal gas, oil gas and natural gas. 

For the purpose of this paper, therefore, the author 
considers this method as “Gas Carburizing” and in 
the comparative data uses the usual box carburizing 
with solid compounds as a comparison. In the mea- 
surement of case depths, there being no standard as 
a guide, the total case is given as described in the A. 5. 


S. T. Handbook from which is quoted as follows: 
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“When the carburized steel is 
subsequently heat treated, a cer- 
tain percentage of the case is high 


ening, thus fulfilling the purpose 
of carburizing. This useful por- 


: and cheapened. 
tion of the case we shall desig- . 


A new wrinkle is described in this article. 
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ARBURIZING is avenerable metallurgi- might result in distortion. In 
cal process which, despite the in- such a case the charge can be di- 
roads of nitriding, will always find a place 
enough in carbon to permit hard- i the production of metallurgical mate- 
rials for engineering use. There are plenty 

of signs that the process will be improved 


vided into two or more baskets, or 
supported on racks or fixtures. 
The cycle of operation is as 
follows: 
The work is loaded into the 


nate as the ‘effective case.’”’ It is especially interesting that the same basket or fixture outside the fur- 
As for the mechanical side of equipment is found serviceable both for nace. It is then placed in the 
the process, there are some differ- carburizing and nitriding, the longer ni- retort and the cover bolted on. 


ences which can be best shown 
by illustrations. 

Fig. 1 shows a cut-away view 
of the furnace. This is the heat- 
ing chamber with its elements 
which are divided into separate 
control zones, two in the small 
furnace and three in the large 


you sleep.”’ 


triding process being carried on over Sun- 
day, on the principle of ““They work while the carburizing temperature and 


Some users are inclined to think that the 
interposition of a carburizing heat between 
nitriding heats helps to avoid inefficient ni- 
triding due to reaction between the ammo- 
nia and the container, keeping the con- / 
tainer in better condition. If this be true, and the heavy as well as the 


The furnace is then brought to 


held for a sufficient time to be 
sure that the entire load is heated 
throughout. The oil is not 
turned on until this time to be 
sure that all parts of the load 


furnace. These zones are each still wider use of the same equipment for light sections begin to absorb car- 
both purposes is likely to come about. 


independently controlled by a 














x. 4 Fig. 5 —~> 


n netic switch 


al automatic 
control pyrometer. 
Each zone of ele- 
ments, therefore, 


releases just the 
proper amount of 
heat to hold the 
temperature of 
the retort adjacent to them at the correct tempera- 
ture. 

The retort has an insulated cover which is bolted 
on tightly and sealed with an asbestos gasket. A 
motor is mounted on top of the cover and an alloy fan 
in the top of the retort. This fan is of the centrifugal 
type which sucks the gas up in the center and discharges 
it horizontally. 

The carburizing oil is placed in a standard pressure 
lubricating cup and dripped into the fan discharge 
which throws it against the sides of the retort where 
it gasifies. The gas is carried through the charge and 
discharged through this exit pipe where it is burned. 
The amount of oil necessary can be regulated after 
a little experience by the size and color of this flame. 
The proper flame is a greenish gold color, an excess of 
oil resulting in a yellow tip and a smoky flame. 

The work is charged into the basket and may be 
piled in haphazardly without affecting the case, ex- 
cept that flat machined surfaces must be separated 
by screenings and care should be taken not to place 
too great a weight upon the bottom of a load, which 





bon at the same time and at the 
Same rate. 

After carburiz- 
ing for the length 
of time necessary 
for the desired case, 
the oil drip is shut 
off and the furnace 
held at temperature 
an hour or two to 


Fig. 6 


allow the hyper-eutectoid case to diffuse. If the work is 
to be direct-quenched and if a lower quenching tem- 
perature is desired, the furnace can be cooled during 
this diffusion period. 

The charge is then removed by quenching direct 
for core refinement or by removing the basket and 
placing in a pit for slow cooling, or if an absolutely 
clean surface is desired, the entire retort is removed 
and a second retort used with the next charge. 

Fig. 2 shows the larger furnace which has a loading 
space inside the basket 24” in diameter and 42” deep. 
As much as 2000 pounds net has been charged in this 
furnace although average charges would be approxi- 
mately 1500 pounds. 

Fig. 3 shows a charge being removed. This happens 
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Fig. 7 


to be large ball races which load rather lightly. This 
charge we ghed only about 800 pounds due to the 
large amount of open space inside the rings. 

Fig. 4 shows a charge in the cooling pit. It con- 
sists of rings similar to Fig. 3. Several very large 
round bars have been loaded in the same heat which 
brought the net weight up to over 2000 pounds. The 
elimination of distortion by loading the round bars 
vertically was important because such pieces would, 
of course, be very difficult to straighten. 

Fig. 5 shows a smaller furnace which has a loading 
space 10” in diameter by 20” deep, and will hold a 
charge of 100 to 300 pounds. This size is very con- 
venient in a shop where a great many small orders, 
each requiring a different treatment, are received. 
Five to eight heats a day are obtained from this furnace 
with very little attention on the part of the operators. 
On the panel are mounted the controlling and record- 
ing pyrometers, relays, a kilowatt-hour meter and an 
excess temperature cut-out. The magnetic switches are 
mounted on the side. 

Fig. 6 shows a nitriding heat too large for the regular 
nitriding furnace. With the increase in the use of 
nitralloy it is often found necessary to run a nitriding 
heat in this furnace, particularly over week-ends. 

Fig. 7 shows five samples of S. A. E. 3120 steel car- 
burized at 1675° F. for one, two, three, four and five 
hours. The table shows the amount of the various 
zones in each sample. 

Figs. 8 and 9 show a similar test on the same steel 
at 1725° and 1775° F. 

Figs. 10, 11 and 12 show, respectively, ten samples of 
S. A. E. 3120 steel carburized at 1675° F., the first 
one for one hour. the second for two hours, the last 
one for ten hours, with cases ranging from 0.023 to 
0.085 on the ten hour heat; a similar test at 1725° F. 
with cases ranging from 0.028 to 0.090; and a 
similar test at 1775° F., and running from 0.030 to 
0.098. The furnace was held at temperature for ten 
hours and a test bar removed each hour. The samples 
show a rather sharp line of demarcation between the 
case and the core, inasmuch as in such a test it is im- 
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possible to diffuse each sample. The parts were 
quenched directly in oil from the carburizing tem- 
perature, and reheated to 1450° F., and quenched in 
water. 

The method of operating these tests indicates the 
possibility of obtaining different depths of case in the 
same heat by opening the retort and removing the por- 
tion of the charge requiring the lighter case. Dur- 
ing these tests the cover was removed at the end of 
ach hour, and some carburizing speed may have been 
lost. 

Fig. 13 shows the results of these three tests com- 
pared with the speed of box carburizing. These curves 
are very useful in the shop, for from them one can 
“asily determine the time required to give a case of a 
certain depth at a certain temperature, e. g., an 0.080 
case at 1775° F., requires se¥en_hours. Some correc- 
tions must be made for the type of steel, surface con- 
dition, ete. 

It will be noticed that the box carburizing line fla'- 
tens out after a few hours’ run, because the strength 
of the carburizing compound becomes less and less «s 
it is held at heat. In the case of the other method, 
the curve flattens somewhat because the deeper tiie 
case the slower the carburizing; but here we have 
fresh gases being fed into the furnace throughout 
the entire heat. 

This is not the entire story; however, the time shown 
on the chart is time at temperature only. Heating 
through boxes and compound is much slower than 
heating an open charge exposed immediately to a hot 
retort and with the heat driven through the charge 
with the fan agitation. Total time in a box furnace 
for '/:6” might easily be sixteen hours against eight 
hours in the retort furnace. 

Fig. 14 shows two samples tightly wired together 
during carburizing and touching as they did in the 
furnace. The microscopic examination showed no 
effect on the case as a result of the contact. 
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Samples from the same heats 
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show very uniform results. =S))}}s i= tay 
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tinuing the heating one can meee tears ue eee 
bring about diffusion of car- j)} ea 
bon and thus the process is #11) Bee Bae 
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long, were packed into the 
basket of the small furnace. 
These pieces were shoveled 
into the basket haphazardly 
and represented the worst 
. condition one would expect to 
Tit encounter. 








del | 

trol. hee} | a This charge was carburized 
The control over atmos- na F for six hours at 1775° F., and 

pheric conditions is applicable one} belashae neues diffused for two hours. The 

in other work than carburizing. 3 ee 2 Oo 5 a uniformity was highly satisfac- 

For example, a sample of tung- | pa | baseeuae tory. 

sten oil hardening steel, which on ) The short time this equip- 

decarburizes very readily ex- or i BesSSaRseaae ment has been in operation 

cept under ideal atmospheric ReLE Luka cakebdsckshabaed ss cacaeeed kemanaeeeew has not given time to make 

conditions, was held at 1550°  “***)* "es" a 


F. for two hours in the retort 

with a few drops of oil intro- 

duced. This is an excessively long soak, and 

ordinarily would have given a heavily de- 

carburized surface. In spite of the long time 
temperature, no decarburization was indi- 
ted by the microscope. 
One of the questions on this process 
ich was particularly interesting was the 
ect on the uniformity of the case in a 





a complete study of its char- 
Fig. 13 acteristics. An interesting 

phase is the effect of the 
shorter time at heat on the grain size of the 
core as compared to that obtained in box 
carburizing. 

No study has been made of the effect of 
pressures in the retort. The tests run up to 
this time have been practically at atmos- 
Fig. 14 pheric pressures. It is believed, however, 
that the little experience obtained indicates 


nsely packed charge of small pieces, so about 1300 that this process will find an important place for it- 
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ror, Merauts & ALLoys: 
e note with interest your article in January number of 
raLs & ALLoys regarding the application of wrought iron 
fatigue and corrosion resistance are desirable, and your 
ent on the lack of corrosion-fatigue tests on wrought iron 
have recently completed tests of that nature in our laboratory. 
.e Canadian railroads have been using mild nickel steels for 
olt materials for over 10 years. Wrought Iron is entirely out 
of the picture in Canada and also in England, where steel staybolts 
are used with steel fire boxes and copper with copper fire boxes. 
listakes were certainly made in application of steel materials 
fi aybolts in this country in the early days. For example 
cold drawn steel was applied on five locomotives on a large rail- 
road about 15 years ago, and these bolts broke so fast, the entire 
five locomotives were hauled out of service and staybolts removed. 

Of course steel as a material for staybolts got a bad reputation 
on this failure, when the fact of the matter was, the cold drawing 
was responsible for the failure of the staybolts. Later experience 
has shown that staybolts must have a high Izod value, along with 
a fairly high yield point in order to prevent breakage in service. 

The present specification on staybolts written by the Canadian 
Pacific railroad requires the minimum of 80 ft.-lb. Izod on hot 
rolled steel or steel ready for acceptance. 

This specification almost precludes the application of anything 
but a low carbon analysis containing a minimum of 1'!/,% nickel. 

A staybolt in service is subjected to water corrosion and to 
reversed bending stresses. Our method of testing was chosen to 
approach service conditions. 

A section of the bar material to be tested is threaded and 
screwed into a plate of standard */,” thick wrapper sheet stock. 
As shown in Fig. 1, the bolt is headed up as if it were being ap- 
plied in a boiler and the regular tell-tale hole is drilled in the 
center. This method tests not only the staybolt but also the 
plate and the joint between the bolt and plate. 

It is unique in comparison with other laboratory methods, in 
that it involves the testing of both the staybolt and the wrapper 
sheet of the boiler material, and the efficiency of the joint between 
the two parts. The stresses are complete cycles of reversal and 
under water conditions almost the same as in boiler service. 

hen running corrosion fatigue tests, a stream of water at 
150° F. is flowed over the threaded section of the bolt. 

The nominal fiber stress on the critical section of the stay- 
bolt, which is at the junction of bolt and plate, can be adjusted 
to any desired stress by the proper amount of weights on the 


s” in diameter and from three to four inches self in the Heat Treating Art. 
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rod, and can be calculated from the usual rotating beam for- 
mula. There is, of course, stress concentration at the junction. 

The length from the face of the plate to the center of bushing 
where load is applied is 11'/» inches. 

A load was applied to produce a nominal! fiber stress of 18,000 
lbs. at the junction of bolt and plate. The water was held around 
150° F. The speed was 115) r.p.m. This gives 1,650,000 re- 
versals of stress in a 24-hour day. The life of the tests is given in 
days to failure. There is a wider spread in results on threaded 
sections than on polished smooth sections as are used in the other 
type fatigue machines. 





Fig. 1 Assembled test. Staybolt and wrapper sheet plate. Threaled en 
is fastened in plate and headed up and drilled. Plate is then faced off on 
back and fastened on special head in lathe. Bolt is then centered on other 
end and turned to true center. Bolt is staniard 1” Kk No. 12 thread —7/,” 


round at outer end. Tapered from end of thread for 6” on length. Taper 
1 4” per foot. 

Six brands of staybolt iron bought in the open market and 
samples of copper molybdenum iron and low carbon nickel iron 
taken from warehouse stock were used in these tests. The two 
latter materials were also run in the heat treated condition. The 
type composition of the Cu-Mo iron and the Ni iron and the heat- 
treatment used, are given below. 


Type Cc Mn 8 P Si Cu Mo Ni 
Cu-Mo Iron 0.05 0.30 0.03 0.02 0.01 0.55 0.15 
Ni Iron 0.04 0.14 0.03 0.02 0.002 .... .... 


Heat treatment used; water quenched from 1630° F., drawn 2 hrs. at 450° F 


The range of life as shown by several tests from each bar is as 
follows: 


Highly polished sections under these conditions of testing 
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Life in days. Corrosion fatigue test —Rotating Beam. 
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1” Rd. bars, threaded #12 U.S. S. Standard thread. Running under water at 150° F. speed 1150 











r. p.m. 1,650,000 reversal of stress per 24-hour day. Life of tests given in days and hours. Wrought Iron tests marked A-B-C-D-E-F. Cu-Mo Iron 
and Nickel Iron in “As Rolled” and ‘‘Treated"’ conditions marked T, N, TT, NT. 
Test | 
No. | Days Hrs. | Days Hrs. | Days Hrs.| Days Hrs.| Days Hrs. | Days Hrs. Days Hrs.| Days Hrs.| Days Hrs. Days Hrs. 
A B C D E F ? TT NT 
e he eer a Se oe ee ae io ee oe ee ee Se ee ee 430 7 
4 7 12 18 2 14 7 9 4 | 8 6 2 15* | 32 7 15 7 36 11 49 1 
3 6 14* 3 7 9 Si a 21 | 21 ei. 21 26 14 29 4 59 3* 60 2* 
4 | 14 3 9 4 | 17 18 | 16 7 16 19 | 12 4 | 19 7 19 3 72 10* 38 12 
5 | 8 7 6 1 8 6 | 11 3] 12 $s). £6 (eee 9 
Total | 40 18 43 3 68 =s:«i16 67 14 73 #20 | 49 #2112 | 113 21 94 2/215 9 |199 22 
Average - 3 8 15 | 13 18 | 13 12 14 18 9 21 | 22 18 23 st | 53 9 i 12 


< Tests stripped threads and pulled out of plate 
* Tests removed—not broken 


The physical properties and life under repeated stress at 18,000 lbs 


Yield Point Tensile Strength Elong. 8”, 

Material Ibs./in.? lbs./in.? % 
Wrought Iron A 34,000 50,200 29 
Wrought Iron B 39,300 49,700 29 
Wrought Iron C 31,700 48,800 31 
Wrought Iron D 36,000 51,700 29 
Wrought Iron E 34,300 49,900 32 
Wrought Iron F 32,900 48,300 30.5 
Cu-Mo Iron 48,900 53,000 28.2 
Ni Iron 36,700 51,000 30.3 
Cu-Mo Iron Treated 49,600 62,400 21.5 
Ni Iron Treated 48,300 60,900 22.3 


would give more uniform results, but staybolts in service are 
threaded and the results in service are not uniform either, some 
bolts breaking long before others in the same row. 

We found it very difficult to get the wrought iron bolts to 
break off unless they were machined to fit very tight in the 
threads. 

When fitted in the ordinary manner the wrought iron bolts all 
tended to strip threads and pull out of the plate in a short time. 
This is due no doubt to the weakness of threads on account of slag 
inclusions. This bears out the data given the writer by several 
boilermakers that wrought iron bolts are more often replaced on 
account of stripped threads, rather than by breaking. 

We also found that the wrought iron bolts did not last as long 
after a crack had started as did the Cu, Mo or Ni iron bolts. 
The surfaces of the fractured ends of wrought iron bolts were 
rough with little flattening or smoothing of the surface. The 
area of final rupture was around 40% on the wrought iron tests. 
The Cu-Mo iron and nickel iron seemed to hold on until the surface 
of fractures was smoothed down and final rupture rarely showed 
over 20% of the area. 

The heat treated bolts showed more than double the life under 
the same conditions than the “as rolled”’ bolts and 3 to 10 times 
the life of the wrought iron bolts. 

Bolts with Brinell much over 130 tended to cause failure in the 
plate rather than the bolt. The Brinell on standard wrapper 
sheet stock runs around 116 to 134, according to carbon content 
and finishing temperatures. Some tests on a steel staybolt stock 
from an outside source were run. 

The steel staybolt was of the following analysis: C 0.12, Mn 
0.41, 8 0.045, P 0.032, Si 0.18. 

The following properties were found on tests: 


’ Reduction 
Yield Point Tensile Strength Elong. 8” Area Izod 
47,300 Ibs./in.? 62,800 lbs./in.? 28% 62% 17-19 ft./lbs. 


These bolts had around 45,000 to 50,000 yield point but Izod 
values were low (15-20 ft.-lbs.). They showed crystalline 
breaks on fracture tests and only lasted 2 to 3 days on the testing 
machine. One broke in less than ten hours. This shows that a 
high yield point should be accompanied by good impact values to 
give satisfactory service. 

It was interesting to note that when some tests were run with 
water temperature considerably above the boiling point, the 
water evaporated on the test sheets, depositing scale as in boiler 
operation. The scale was allowed to build up to '/s” in thick- 
ness. We found that under scaling conditions the fatigue limits 
of the material were very nearly the same as running without 
water or in air. Lowering the temperature of the water to a 
point below the boiling point to prevent deposit of scale, caused 
a reduction of approximately 5,000 Ibs. We believe this to be 
the factor of difference between fatigue limits of these materials 
working in air as opposed to working under water such as comes 
from the Canton City mains. Our water is high in magnesium 
sulphate and also contains some carbonates. 


Conclusions 


Cu-Mo iron and Ni iron in the hot rolled condition with yield 
point around 40,000 lbs. showed much better life than wrought 
iron bolts. Heat treated bolts showed best of all. Bolts with 
high yield point but low shock resistance were poorest of all. 








in.? are shown in the following tables: 


Reduction, Izod Corrosion Fatigue Life 
% ft.-lbs. Average 5 Tests 
57.0 48 8 days 3 hours 
§2.1 42 8 days 15 hours 
51.3 43 13 days 18 hours 
46.0 51 13 days 12 hours 
50.7 53 14 days 18 hours 
51.3 46 9 days 21 hours 
70.1 81 22 days 18 hours 
Thee 86 18 days 23 hours 
72.4 91 53 days 9 hours 
70.6 102 47 days 12 hours 





Assembled 


Y machine. 
———- is bolted into head stock of testing machine, outer end passes 
thr 


Fig. 2. Cantilever Staybolt test in fatigue testin 


ough bushing which runs in bali bearings. This bearing is in a yoke 
which is free to move in a vertical direction and has about '/s” clearance on 
sides. The weight is supported on a coil spring in the pipe section and this 
acts as a vibration dampner. The indicator shows tne number of revolu- 
tions and failure of the bolt lets the yoke down and stops machine au 
matically. 


The elongation on the best life bolts was fully 10% below the 
A.S.M.E. or A. R. A. requirements, yet three locomotives in 
hard switching service in a-hard water district have been equipped 
with a full set of heat treated Cu-Mo iron bolts. They have all 
made nearly 100,000 miles apiece in service up to April 1931, and 
only one bolt has been removed from these engines in that period. 

Material with a low yield point will show good elongations, 
that with a high yield point will show less elongation. Neither of 
these factors is directly related to the Izod test or shock resis- 
tance. Furthermore, a bolt with a low elastic limit become very 
quickly over-stressed and ages and becomes very brittle, showing 
a crystalline fracture. 

To obtain the maximum service in a locomotive firebox the 
following properties, obtained by heat treating, are recommended 
for staybolts: 


Yield Point Ultimate Elongation Reduction 
45,000-—50,000 58,000—63,000 18-23% 65-75% 
Izod Brinell 
75-100 ft.-lbs. 116-134 
H. L. Micier 


Metallurgical Department 
Republic Steel Corporation 
Central-Alloy Division 


(Readers’ Comments Continued on Page 119) 















AGE HARDENING of 


COPPER-TITANIUM ALLOYS 


BY EARLE E. SCHUMACHER’ AND W. C. ELLIS* 


N A general investigation of copper-alloy systems, 

it has been observed that certain copper-titanium 

alloys are age hardening. The three alloys which 
were studied contained, respectively, 0.67, 0.93 and 
2.03% of titanium by analysis. The series was prepared 
from cathode sheet copper and a pure titanium obtained 
by the reduction of the chloride with sodium. The first 
two alloys were prepared by fusion under hydrogen; the 
third, by melting in vacuum. The age hardening 
phenomenon is demonstrated by the results given in 
Table 1. 


Table 1.—The Effect of Heat Treatment on the Hardness 
of Copper-Titanium Alloys 


Rockwell Hardness B-! /1e~ 100 kg. Load 


Quenched in H:O 
after One-Half 





Alloy % Aged 4 Hours 
No. Titanium Hour at 875° C. 400° C 

1 0.67 2 15 

2 0.93 17 36 

3 2.03 37 82 


T>e most pronounced hardness change was obtained 
; the alloy containing 2.03% of titanium. The 
detailed changes resulting from aging this alloy at 3 
different temperatures over a total period of ten hours 
are shown in Fig. 1. Maximum hardness was attained 
in approximately two hours at 500° C, 


INCE the pioneer thinking of Merica, 
followed closely by elaboration by 
Jeffries and Archer here, and by others 
abroad, so that the mechanism of the pre- 
cipitation-hardening of alloys with the 
Duralumin type of solubility curve became 
understood, many alloys capable of age 
hardening have come into the service of 
mankind. Many systems in which it was 
not suspected have been found, on suffi- 
ciently careful examination, to show it. 
Here are data on another interesting al- 
loy of this type, from the Bell Telephone 
Laboratories. 


The change in resistivity resulting from the aging 
of quenched alloys is shown in Table 2. There was a 
decrease in resistivity in all cases, but the maximum 
change was obtained with the alloy containing 2.08% 
of titanium. 


Table 2. ‘Effect of Heat Treatment on Electrical Resistivity of Copper- 
Titanium Alloys Drawn to 0.100 in. Diam. Wires 
Electrical Resistivity— Microhm 


em. at 20° C. 
Quenched in H:O 


Alloy % After 1 Hour Aged 1 Hour 
No, Titanium at 875° C. 500° C. 

l 0.67 5.95 5.84 

2 0.93 7.32 7.02 

3 2.03 19.80 10.50 


The increase in hardness together with the decrease 
i resistivity obtained by aging quenched alloys shows 


* Bell Telephone Laboratories. 


conclusively that this is an age hardening system of 
the general type, in which the hardening results from 
the precipitation of a phase from a supersaturated 
solid solution. 
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AGING TIME IN HOURS 


Fig. 1. Effect of aging temperature on the hardness 
of a copper titanium alloy containing 2.03%Ti. 


No data are presented at this time to establish the 
nature of the dispersed constituent or the equilibrium 
diagram of the system copper-titanium. 

The tensile strength of the copper-titanium alloy 
containing 2.03% of titanium was determined in the 
heat treated condition. A tensile strength of 92,000 
lbs./in.? associated with an elongation of 10% over 
a two-inch gage length was obtained. 

The same age hardening characteristics were ob- 
tained in copper-titanium alloys prepared from impure 
grades of titanium. Two different titanium materials 
were used. One was a titanium produced by alumi- 
num reduction which contained approximately 90% 
of titanium; the other was a copper-titanium addi- 
tion alloy containing approximately 8% of titanium. 
This product, it is understood, was also obtained by 
aluminum reduction. Titanium when added to the 
alpha solid solutions of copper also produces age- 
hardening materials. 

Since this article was submitted for publication, a 
paper describing the properties of copper-titanium alloys 
appearing in the January 1931 issue of Zeitschrift fur 
Metallkunde by Dr. W. Kroll has become available to 
readers in this country. This paper shows that the 
system copper-titanium is age hardening, and in addition 
submits evidence establishing the equilibrium relations 
of the copper-rich alloys. 



























































































TEEL for tools is a key material, as we found 
out in war-time. Without tool steels, modern 
industry would be helpless, for valuable as are the 
newer tungsten carbide and tantalum carbide tools, 
these will be put to special service rather than 
generally to replace, for years to come, at least, our 
present tool steels. 

These little pieces of steel have an important 
duty to perform, and their failure causes delay, 
irritation and expense far greater than the cost of 
the material in them. 

By proper cooperation between the maker and 
user of tool steel, many failures can be avoided. 











SERS of tool steel can be broadly classified into 
two groups—the tool manufacturers and the in- 
dustrial users. For the first tool steel is regarded 

as a raw material and is purchased in comparatively 
large quantities. The other class includes those using 


it as an accessory to their regular production work and @ 


is by far the more numerous. 

Each class has its problems which 
are sometimes common to both. It 
is much to the interest of tool steel 
producers to have these problems 
worked out and many times they 
play an important part in their solu- 
tion. Our intention in this discus- 
sion is to bring out how the producer 
is concerned to help the customer 
with questions involving the use and 
application and also the quality of 
the product. 

The tool manufacturer is primarily 
interested in the steel that will give 
best performance on a given class 
of tools. Having standardized on 
the compositions or types and 
worked out the heat treatments, such 
other points are given consideration 
as hardness or structure that will 
lend itself best to the various ma- 
chining operations, the use of forg- 
ings rather than hot rolled bar stock, 
or the finish or surface condition 
that may call for the use of cold- 
drawn material. Many tool makers 
order tool steel to their own specifi- 
cations covering such points asanaly- 
, size tolerance, hardness, struc- 
ture, limit of surface decarbonization 
and freedom from surface or internal 
defects. In most cases these specifi- 
cations can be met without undue 
difficulty on the part of the mill. However, the tendency 
is toward higher standards, calling for more elaborate 
inspection systems. 


SIS 


The business of most tool makers is on a sufficiently 
large scale so that they are organized for the inspection 
of the incoming raw material or tool steel, as well as for 
the proper investigation of tool failures, or other com- 


* Chief Metallurgist, Ludlum Steel Co. 





A service failure. 
of a tungsten shock-resisting tool 
steel die for hot-pressing brass. 


Causes and 





TOOL STEEL] 


BY W. H. 


plaints involving their own product. They may also 
carry on research work on tests of various tool steel 
grades, or on the development of new tools or lines of 
product. Such concerns have a very intimate knowl- 
edge of the tool steels regularly used and the principal 
consideration of the mill or producer is to furnish 
material that runs uniform and conforms to specifica- 
tions. 

Industrial users, in contrast to tool manufacturers, 
have a great and increasing number of applications for 
tool steel and more varied problen 
Smaller quantities are purchased at 
a time and in a great variety of sizes 
and grades. 

The mills have their regular tool 
steel brands designed to take care 
of all ordinary applications of the 
customer. The great variety of 
modern industrial requirements 
makes it necessary to have more 
than one brand in some cases corn- 
ing under each of the classifications. 
Naturally the mills aim to limit 
their regular brands to as few as 
will adequately take care of the 
trade, but there is a constant tend- 
ency to increase these. ‘This is not 
strange because developments in the 
field or research on the mills’ part 
may call for a change of analysis or 
introduction of a new type. 

One of the user’s tool steel prob- 
lems that is of major importance is 
how to select the right steels for 
his different jobs. Industrial users 
in particular very often depend on 
their source of supply for these re- 
commendations. Through contacts 
with other customers, the mills are 
in a position to render valuable as- 
sistance along this line. Sometimes 
a mill is called on to make a 
survey of all the requirements of a 
customer, making recommenda- 
tions of brands, along with suggestions as to heat 
treatment. This is done bearing in mind that it is 
to the interest of the user to carry as few grades of 
tool steel as possible, at the same time properly taking 
care of all applications. 

The needs of a customer may change with change of 
manufacturing methods, or the production of a new line 
of products, and here again the mill should be on the 


Heat-checking 
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a a - ee 


Avoidance of 


1} FAILURES 


WILLS’ 


job to render service. 


the cold heading process. 


For instance, parts formerly 
made on automatic screw machines may be made by 


An example of good design. 
die of high carbon chromium steel. 





Cold pressed nut trimmer 
This deep-hardening 


steel has a low impact value, but by use of generous wall 


cutting edge. 


Cold heading is also cutting in on hot work operations 


among the bolt manufacturers. 


matic hot work machines. 
ice of castings or forgings. 


ision under this may be mentioned 
hobbing of embossing or forming 

; that formerly meant long die sink- 

or routing tool work. 
1 the non-ferrous metal industries, 
usion press work has to some ex- 
replaced rolling mills with re- 
int increased use of hot work tool 
s. More forging and hot pressing 
‘opper and brass is done now than 
ever before. The die casting of low 
ting point alloys has displaced some 
‘hining and assembly work and 
ight about a demand for the die 
ing steels of special composition 
which go into the molds. 
| addition to the changes of 
methods that mean new requirements 
of tool steel, the user welcomes some- 
ng better for his present operation. 
The mill has this in mind constantly 
and is at work on such questions either 
through the making and testing of new 
analyses, or through investigatiors of 
present standard brands. 

Other problems of the customer may 
involve tool design, tool steel forg- 
ing, machining, heat treating and 
grinding. The mill can help with 
these in two ways. First, it can 
give the benefit of its experience in 
the case of forging and heat treat- 
ing; and second, where tool failures 
are involved, it is anxious to learn 
whether the steel or the customer’s 
methods are at fault. Matters can 
then be corrécted accordingly. As 
previously mentioned many users 
are not equipped to investigate tool 
failures themselves, and conse- 
quently it is up to the mill to take 
care of this work for them. In fact 
those that do such work themselves, 


Threading may be 
done by rolling instead of cutting or vice versa. 
ings may be replaced by forgings made on semi-auto- 
Stampings often take the 
Coin press operations 
ninate certain machine operations, and as a sub- 


Cast- 








Service failure of a carbon 
tool steel cold header die that 
was too hard. Its Rockwell 
cone hardness was 62 to 863, 
when it should have been 


drawn back to 58 to 60. 





Grinding cracks on part of a 
high speed steel shaper cutter. 
The machinist tried to take too 
heavy a cut in grinding and spoiled 
the cutter. 


thickness it stands up to its work. Made from flat in- 
stead of round bar stock, it has a better structure at the 


are often glad to have the mill work with them to 
verify their findings. 

Heat treatment is the source of more tool failures by far 
than any of the above sources, and among industrial users 
in particular this is not apt to be realized. The basis for 
this statement is that over a period of years about 60% 


of all complaints found to be the cus- 

tomer’s fault are laid to heat treatment. 

Tool manufacturers in general with their 

large investment in tool steel and their 

tool quality ever inmind give both equip- 
ment and personnel careful attention. 

The main factors that cause trouble are: 

1. Rapid heating resulting in non- 

uniformity of the parts at tem- 
perature when quenched. 

2. Overheating, and to a lesser ex- 

tent underheating. 

3. Improper furnace atmospheric 
conditions resulting in decarboni- 
zation or soft spots. 

4. Improper drawing. 

In some plants accurate records of 
heat treatments given are kept and regu- 
lar schedules of time and temperature 
worked out for each class and size of 
tool. This, of course, applies in a large 
measure to tool manufacturers and not 
to the average toolroom. In the latter 
case, the human element is especially 
prominent for it takes more than a good 
furnace and an accurate pyrometer 

to turn out perfect tools. 

These are some of the things that 
may go wrong so far as the customer 
is concerned. Of course, the steel 
itself may be at fault, but the mills 
strive to avoid such causes of com- 
plaint. Records over a period of 
years show that of all complaints ap- 
proximately 40% may be laid to the 
customer and 60% to the mill. 
Those that are the mill’s fault may 
be classified as follows with the ap- 
proximate percentage: 

1. Internal Defects......... 30% 

2. Inspectors’ Errors........ 35% 
3. Wrong Analysis or Grade. 5% 
4. Annealing or Heat Treating 8% 
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Deep-etching and fracture tests both show the defective 
center of this 4” round section of carbon tool steel. 


The balance includes cases of sales errors, or where 
the responsibility cannot be definitely fixed. 

Internal defects may include some things that are apt 
to get by careful inspection, and the mill must be ever 
on the alert to deal with their prevention or correction. 
They often can be traced to the ingot and usually con- 
stitute a melting department problem. This refers in 
particular to secondary pipe, inclusions, metallic and 
non-metallic, gas cavities which show up as internal 
seams in the finished bar stock and carbide segregation. 
Such defects are apt not to occur uniformly throughout 
a heat and may at times present a baffling problem. 
Closer control in the melting operation is a live subject, 
especially the study of ways of checking up on quality 
before the ingots are hammered or rolled. 

Poor structure and hammer burst are listed under the 
head of internal defects. The former applies to condi- 
tions arising from insufficient working from the original 
ingot, or improper heating in the hammering or rolling. 
The persistence of traces of ingot or cellular structure in 
finished bar stock is met with at times, mostly in the 
highly alloyed steels, such as high speed, or the high 
carbon chromium types. Hammer burst may be 
caused by working too cold, or from a weak center 
structure. 

Under inspectors’ errors we have the items that are 
looked into in the regular warehouse inspection, taking 
in surface condition, seams, pits, etc.—pipe, decarboni- 
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zation, size, shape and straightness. Surface seams 
originate at times in the ingot and can largely be elimi- 
nated by proper billet inspection and grinding. With 
some grades they may occur as result of too rapid cool- 
ing after rolling, or too low a finishing temperature. 

Surface decarbonization is brought about in the 
heating operations for hammering or rolling and anneal- 
ing. Annealing is under quite close control and in 
many instances the cycle is held to automatically. Also 
standard practice is to protect the material in tubes or 
boxes. On the other hand, with the hammer shop or 
rolling mill heating furnaces, even though often 
equipped with pyrometers, much depends on the human 
element when it comes to holding proper time, tempera- 
ture and furnace atmosphere. While highly oxidizing 
atmospheric conditions will cause excessive bark, there 
is more to it than this alone. Time elements enter in 
strongly, particularly in annealing, and the investiga- 
tion of the various factors involved is quite a study in 
itself. Some types of steel are more subject to de- 
varbonization than others. Most customers are reason- 
able in their requirements or specifications covering 
depth of decarbonization, the tool manufacturers being 
the most exacting in this respect. 

Complaints coming under wrong analysis or grade are 
few in number, but they are generally serious becau: 
often the customer has put considerable labor on t! 
steel before anything is found out. Mixups happ 
once in a while not only at the mill, but also in t} 
customer’s tool room. The mill with its numerous 
grades to keep separate in ingot and billet stock as we!! 
as in form of finished bars must use a systematic mark- 
ing system throughout. The average customer has 
only a few grades to keep separate and it is a simple 
matter to mark tools and dies so they can be traced 
the original shipment. 

Under annealing come some of the complaints 
machinability which often result from insuffici: 
annealing. Sometimes the steel is annealed too so/t 





The microscope shows a cause of failure. At left, the 
structure of a manganese oil-hardening steel die, badly 
overheated in hardening, producing a brittle structure. 
This die broke in service. At right, the fine structure 
obtained by proper hardening, giving the best combi- 
nation of hardness and toughness, as well as the desired 
‘‘non-deforming’’ property. Both 500. 
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resulting in tearing in certain milling operations, there- 
by producing a rough surface. On the other hand there 
are cases of machining difficulty where the steel has not 
been at fault, and a change of cutting compound, set up, 
or grinding of the tools has been the solution. In one 
instance a customer using large carbon tool steel rounds 
claimed they cut very hard on the hack saw. The steel 
showed a low Brinell hardness and a later investigation 
showed that the hack saw blades were extremely soft. 
From the mill’s standpoint the annealing of every 
order to produce ideal structural conditions is quite a 
problem. The average annealing furnace has a 
capacity of 5000 to 10,000 lbs. of bars and to run 
economically requires full charges. A variety of sec- 
tions may go into a single heat and the time, and to some 
extent the temperature, is governed by the size stock 
that makes up the bulk of the charge. Development of 
the electric furnace and improvements in pyrometer 
equipment have been great helps toward good anneal- 
Ing. 
Present methods of mill inspection have advanced 
iterially from those of the old days when surface 
pection and examination of the topped or fractured 
ds of the bars for pipe, grain size, and bark was about 
limit of what was done. Carbon was estimated by 
appearance of the fracture. This is in marked 
‘trast to what must be done to-day. Our industrial 
ress is reflected in much higher standards of quality, 
mills are working continually toward better con- 
of their operations, which is necessary, if rejections 
he finished product are to be held to a minimum. 
nection of surface and fractured bar ends is now 
le the same as in the past. Numerous hardness 
s are made to check up on the uniformity or com- 
‘ness of the annealing. Unless otherwise ordered 
mill works to regular Brinell hardness limits on the 
ious grades. Sometimes a customer specifies a 
ximum Brinell only and again upper and lower hard- 
s limits are given. 
iboratory tests are now quite common that were 
inheard of not many years ago. The science of 
metallography has progressed to such an extent that 
the microscope has become indispensable for checking 


— — ~ = ~—> — 





A punch made from 2'/,” round high speed steel, and 
not drawn promptly to relieve hardening strains after 
quenching in oil. Bond sections designed with shart 
corners are liable to this type of failure. A less drastic 
quench, as into lead at 1100° F., then air, or air-blast 
cooling, helps in such cases. 
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An example of poor design. A forged high speed steel 
extrusion die for brass, operating at 1400° F. under heavy 
pressure. The die was too small for the size extruded 
and could not dissipate the heat, hence it cracked at the 
corners. 





This high carbon high chromium steel die cracked 
after hardening. It was heated 100° to 150° F. too high 


in hardening. 


up on structure, and micro examination is routine on 
many orders. This inspection is carried out on a 
representative number of samples which may be ex- 
amined for inclusions, proportion of lamellar pearlite or 
spheroidized carbides, carbide segregation, or in the 
ease of highly alloyed steels, carbide distribution. 
Some tool makers insist on very low decarbonization 
limits and it is necessary to check up on such orders 
microscopically. This applies generally to compara- 
tively small sizes and to highly finished cold-drawn 
products. The examination of hardened fractures 
under a low power microscope has in some cases worked 
out better than looking at the polished cross section 
under a higher power for this purpose. This applies in 
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particular where a large number of bars of small size are 
to be tested. The samples must be heated in a molten 
bath such as lead for hardening so as not to decarburize 
further and the method may be used with any grades 
that can be hardened in lead. 

The deep etch test, though not new, has come into 
more prominence in recent years as a method of in- 
spection for internal defects. It is generally carried 
out by immersing discs representing cross sections of the 
bars in a strong solution of hydrochloric acid for about 
30 to 45 minutes or more. The temperature is usually 
160° to 200° F. The attack of the acid on the metal is, of 
course, in proportion to the time inthe bath and the 
temperature and concentration of the acid. Thickness 
of the discs and number handled at a time should be 
taken into account in determining the proper length of 
time. Other factors that have their effect are inherent 
strains in the metal that may be from rolling, shearing 
(near ends of the bars) and also from cold drawing. 
Finishing temperature after rolling or hammering has 
some effect on the attack of the acid. Various grades 
of steel are attacked differently—manganese oil harden- 
ing steel etching more readily than carbon or high speed 
steel. High speed, high carbon chromium, and other 
highly alloyed types whose structure is characterized by 
large carbides that are irregularly distributed show up 
unfavorably after a prolonged etch. This, of course, is 
due to pitting showing up around the large carbides. 
Deep etching will, of course, magnify such defects as 
segregation, inclusions, seams, and traces of pipe, but 
there is nothing to be gained by prolonging the time in 
the acid beyond what will show these up plainly. On 
account of the many variables involved and the intensi- 
fying effect of the etching, care and experience are 
required in the interpretation of results. In the case of 
minor defects or irregularity showing up, the decision to 
pass or reject should be backed up by a knowledge of 
the performance of the tools made from the steel being 
thus tested, and of the common types of failures. 


(Editorial Comment Continued) 


The Light Metals in Italy 


Metallurgical attention in Italy seems to be con- 
centrated on the light metals. One can pick up a new 
issue of La Metallurgia Italiana, and be pretty sure 
to find one or more articles dealing with rather exten- 
sive research work on aluminum. 

Besides taking the lion’s share of the space in that 
journal, the light metals now have a new Italian journal, 
Metalli Leggeri, all to themselves. This is devoted 
to aluminum, magnesium and beryllium, though in- 
clusion of the latter in the sub-title does seem to be 
rushing matters just a bit. 

Several books, also, have recently been published 
in Italy that deal with light metals and alloys. In 
shese books and articles, it is stated, in almost the 
tame words, that Italy is poor in iron ore and coal 
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This method of testing is especially valuable for check- 
ing up on the center condition of bars going into dies 
where the center is subject to great stress or wear as for 
cold header dies, drawing or embossing dies. When 
one considers the insignificant cost of the steel as com- 
pared to labor on the average tool or die, the expense of 
this kind of inspection appears little. On the other 
hand, the application of this testing to hundreds of bars 
in the course of a month represents quite an item of cost 
and illustrates one phase of the mills’ efforts to satisfy 
their customers. 

The examination of hardened fractures is a useful test, 
particularly on high speed steel in the larger sections. 
It is to be preferred to deep etching with some grades 
and is a good way to check up when in doubt on the 
deep etch test. 

The terms “normal” and ‘‘abnormal’’ as applied to 
‘arbon tool steels, relate to uniformity and depth of 
hardening. The carbon and carbon vanadium in 
carbon ranges below 1% tool steels may show some 
variation in this respect. There are some customers 
that want such steels deep hardened or showing a so- 
called normal condition. However, for ordinary appl 
cations, the slight differences that may exist have n 
harmful effects assuming proper heat treatment 
Inspection for abnormality is carried out by carburizing 
a test piece for 3 or 4 hours at about 1800° F. and ex- 
amining the case. Uniform grain size and continuouw 
cementite grain boundaries are characteristic of norm 
steel. This is checked up by the examination of harc- 
ened fractures and surface for uniform hardness. 

As a result of modern manufacturing and inspection 
methods, tool steel customers are getting better resul' 
than ever before from the tool steel they purchas: 
This follows from first, better heat treating equipm« 
and methods; second, closer relations between pr 
ducer and user and better understanding of tool st: 
problems, and finally, from greater efforts on the p: 
of the mills to maintain high standards of quality. 


but rich in bauxite and electric energy, so that alumi- 
num is destined to become the “steel of Italy.” So 
much emphasis is put on the value of a highly developed 
aluminum and magnesium industry from the point 
of view of national defense, that it seems very probable 
that the activity in these lines is urged on by the 
Government. The present aluminum production of 
Italy is small, and that of magnesium yegry small, but 
with the interest being shown, and thesdissemination 
of so much information about and propaganda for, 
the use of the light metals, it would seem probable 
that a gradual increase in use and production might 
be expected in that country. H. W. G. 


«* @ ¢ 


Alexander L. Feild, has been appointed director of develop- 
ment and research of the Rustless Iron Corporation of America. 
Dr. A. J. Phillips, formerly metallurgist with the Scovill 
Manufacturing Co., is now Superintendent of Research at the 
American Smelting & Refining Co., Maurer, N. J. 





Effect of SURF AGE. 


DECARBURIZATION 
on FATIGUE Properties of STEEL 


BY C. R. AUSTIN* 


OR some time it has been generally recognized 
that the endurance limit of ferrous materials as 
placed in service may vary considerably from 
the value obtained from the conventional tests carried 
it in a machine using polished cylindrical specimens. 
Various experiments have been conducted to demon- 
ite the marked lowering of the fatigue limit by 
‘hing or scratching the surface of the test specimen. 
1912 Kommers! showed that if the fatigue specimen 
tested in the rough- 
chined condition instead 
eing ground to size, a 
ease of as much as 30% 
e endurance limit was 
ned. Later Moore and 
mers? demonstrated al- 
20% decrease in a 
> carbon steel by rough 
ling. 
ie deleterious effect of 
ttle skin on a ductile 
| as in case-carburiza- 
and electro-plating has 
been given considera- 


is in the researches on 

g steel, however, where 
surface effects appear to have had the greatest recogni- 
tion. Batson and Bradley* working at the National 
Physical Laboratory found that the very low limiting 
ranges of stress in laminated springs compared with 
that which the materials will stand in the form of 
turned and polished specimens is due to what they term 
a ‘‘skin effect.”” In a recent publication by these 
authors‘ further consideration of the “skin effect’ is 
. discussed, and it appears that the authors conclude that 
this “surface effect’? was produced by hardening and 
tempering. G. M. Eaton® has frequently referred to 
this subject and considers surface decarburization a 
serious factor in lowering maximum working stresses. 
Despite this generally acknowledged probable influ- 
ence of surface decarburization on fatigue limit, it is diffi- 


* Section Engineer, Metallurgical Division, Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, Pa. 

' Proceedings International Association for Testing Materials, Article V4a, 
1912, 15 pages. 

* University of Illinois, Engineering Experiment Station, Bulletin 124, 
1921, page 108. 
x Researches on Springs. Report of Scientific and Industrial Research, 
ngineering Research Report, No. 13, Nov. 1928, 33 pages. 
pay ittitution of Mechanical Engineers, London, Preprint, Feb. 1931, 16 
ty Stress Distribution and Hysteresis Losses in Springs. M. F. Sayre & 
P Hoadley. Transactions American Society Mechanical Engineers, 1928, 
Togress Report No. 4, APM 51-24, pages 287-305; discussion by G. M 
Eaton, page 304. 


N service where repeated stress is involved, es- 

pecially where the maximum stress is at the 
surface, the nature of the surface and the propensity fore, that data, although 
of the underlying material to allow a crack to propa- 
gate or to stop its advance, are highly important, 
but too little understood, as was pointed out on page 
115 of Vol. 1 of METALS & ALLOYS. Laboratory 
endurance tests, for which the natural surface of the 
specimen is rermoved and the new surface polished, 
often fail to reflect correctly the behavior of the 
material in service. The effect of even slight sur- 
face decarburization upon endurance limit is too 
little understood by heat-treaters, metallurgists 
and engineers. This article brings out important 
bic points that all of these should note. 


cult to cull definite experimental evidence from the 
literature to prove this contention or to indicate the 
magnitude of the effect. A somewhat analogous case 
has, however, received some experimental attention. 
The endurance limit of duralumin averages about 15,000 
lbs./in.2 Pure ‘Alclad’ aluminum probably runs 
about 5000 Ibs./in.2 The endurance limit of ‘‘ Alclad’’ 
duralumin is about 10,000 lbs./in.2 Thus the fatigue 
strength of duralumin is markedly decreased by the 
molecular contact with it 
of a thin coating of pure 
aluminum. 

It was considered, there- 


limited, on the effect of sur- 
face decarburization on the 
endurance limit of a com- 
mercial steel should prove 
of interest. 

The material examined 
was a 95,000 lbs. minimum 
tensile steel having the fol- 
lowing composition: 


Carbon 0.38 % 
Manganese 1.51 % 
Phosphorus 0.022% 
Sulphur 0.034% 
Silicon 0.26 % 


To determine the true effect of surface decarburiza- 
tion on the endurance limit of a steel, it is clear that the 
most satisfactory method to adopt is to use two sets of 
samples of the steel which have been subjected to 
identical heat treatment, one set having a thinly 
decarburized case and the other set being free from any 
decarburization. This is the procedure adopted in the 
present work. 

It appeared that the readiest means of obtaining 
limited controlled surface decarburization would be by 
heating the steel in a stream of hydrogen at an elevated 
temperature. Previous published work of the writer® 
indicated that the optimum conditions could best be 
obtained by several hours’ treatment at about 700° C. 
This treatment tended to produce a peripheral layer of 
completely decarburized steel due to the slow rate of dif- 
fusion of the carbon from the core toward the periphery. 

Accordingly, after some preliminary observations, 
the procedure was as follows: 

1. One set of six specimens was machined to size and 
heated at 700° C. for 18 hours in a two-inch bore silica 


tube through which a stream of moist hydrogen was 


* Hydrogen Decarburization with Observation on Related Phenomena. 
Journal Iron & Steel Institute, Vol. 105, 1922, pages 93-155. 
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passed. The furnace was shut off and the specimens 
cooled in place in dry hydrogen to prevent tarnishing. 

2. A second set of samples was machined a little 
oversize and similarly treated. 

3. The first decarburized set was then annealed in 
hydrogen for 40 minutes at 760° C. Experimental 
arrangement was made so that the series could be 
immediately withdrawn to the cold end of the tube. 
This was the nearest approximation to the normalizing 
of this steel that could be readily devised. The hot 
steel could not be air normalized on account of oxidation 
and hence spoiling of the surface finish. 

4. The second series of specimens was treated 
similarly. 

5. In order to prepare for fatigue test, the decar- 
burized series was given merely a final polish. This did 
not affect the dimensions of the test-piece. 

6. The second series was turned down to size to 
remove the decarburized layer and each specimen was 
then polished. 

The extent of decarburization was arbitrarily fixed at 
about one-hundredth of an inch. One specimen from 
each of the two series, D71—12 and D71-17, was selected 
for examination in order to ascertain that a correct 


Fig. 1. Specimen D71-17. Micro- 
section showing general structure of 
the non-decarburized steel as put 
under fatigue test. Etched in 5% 
nitric acid in alcohol. 100. 


Fig. 4. Specimen D71-12. Micro- 
section showing decarburization on 
the periphery of the test specimen 


acid in alcohol. 100. 40,000 lbs./in.? 


acid in alcohol. 


Fig. 2. Specimen D71-12. Micro- 
section showing general structure of 
the surface decarburized steel as put 
under fatigue test. 
nitric acid in alcohol. X100. 


Fig. 5. Specimen D71-10. Micro- 
section showing decarburized periph- 
ery of fatigue 

shown in Fig. 2. Etchedin5%nitric failed under 1,049, reversals at 
Etched in 5% nitric 
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amount of surface decarburization had been accom- 
plished and that the microstructure and tensile proper- 
ties were sufficiently comparable to insure that any 
difference in the value for the endurance limit obtained 
could be ascribed to surface decarburization. This 
examination consisted of metallographic analysis, 
Rockwell hardness and tensile tests. 


Metallographic Analysis 


Both of the above-mentioned specimens were cut 
near the center of the test-piece and the cross-section 
polished and examined under the microscope. 

Fig. 1 is representative of the microstructure of the 
non-decarburized specimen and this structure persists 
to the extreme edge of the test-piece (see Fig. 3). Fig. 2 
is representative of the general structure of the de- 
‘arburized steel. From these photomicrographs it can 
be anticipated by previous work of the writer on these 
low manganese steels that very similar tensile proper- 
ties would be obtained. The decarburization on the 
periphery of the test-piece is shown in Fig. 4. Figs. 5 
and 6 illustrate the structure at the periphery of another 
decarburized sample on opposite sides of the section 
after the test-piece was broken by cyclic stresses. 


Fig. 3. Specimen D71-17. Micro- 
section showing complete lack of any 
peripheral decarburization of speci- 
men shown in Fig. 1. Etched in 5% 
nitric acid in alcohol. 100. 


Etched in 5% 





Fig. 6. Specimen D71-10. Micro- 
section as in Fig. 4 showing opposite 
side of specimen. The decarburi- 
zation has not been quite symmet- 
rical. Etched in 5% nitric acid in 
x< 100. alcohol. X100. 


imen which 
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From these photomicrographs it is clear that only the 
desired limited carbon reduction has been effected. 


Rockwell Hardness Tests 


Rockwell hardness tests were made on the transverse 
section of the specimens used for microscopic analysis. 
An average value of 94B was obtained in each case. 


Tensile Tests 


Small 1'/2-inch length tensile test-pieces were pre- 
pared from portions of the same two test specimens as 
above, having a 0.25 inch gage over '/2-inch length, in 
order to confirm that the two series were similar in 
tensile properties. This test also indicated what fa- 
tigue value might be expected from the steel under the 
given heat treatment. The tests were naturally made 
on specimens free from any surface decarburization in 
either series. The tensile values obtained were as 
follows: 


Non-decarburized series. Specimen D-71-17. 110,200 lbs./in.? 
Decarburized series. Specimen D71-12. 111,600 lbs./in.? 


This compares with the 112,000 lbs. tensile value for the 
rolled” and normalized steel obtained in routine 
physical testing of this material. 


Fatigue Tests 


he testing machine used was the R. R. Moore rotat- 


ing beam type fatigue testing machine. The test 
specimens and method of carrying out the test are well 


known. The results are given in the following table. 


1. Decarburized Series 


pecimen No. Stress in lbs./in.? Number of Cycles 


D71-8 46,000 290,500 
D71-7 40,000 1,110,300 
D71-10 40,000 1,049,300 
D71-11 39,000 1,499,900 
D71-9 38,000 7,530,500* 
2. Non-decarburized Series 

D71-14 48,000 1,267 ,400 
D71-15 47,000 1,755,800 
71-16 47,000 10,000,000* 
D71-13 46,000 7,546,000* 
D71-18 en > Seen es 


* Did not fail. 


Consideration of Results 


The two series of fatigue test specimens were sub- 
jected to similar heat treatments in order that the 
physical characteristics would be the same. Metallo- 
graphic examination, hardness testing and _ tensile 
tests demonstrated that structurally similar steels had 
been obtained except for the presence of a limited 
decarburized surface layer in one of the series. 

All specimens in each of the two series were treated at 
the same time so that the experimental conditions were 
well defined. 

It has been shown that the endurance limit was de- 
creased from 47,000 lbs. to 38,000 Ibs./in.? This 
represents a drop of some 20%. It was possible to 
obtain reliable endurance data with a limited number 
of specimens as the physical characteristics of the steel 
were well understood. The routine endurance limit 
was 46,000 lbs. /in.? in the “as rolled” state, and 49,000 
lbs./in.? as normalized. 

It is believed that the results herein outlined repre- 
Sent the first experimental effort to demonstrate in a 
quantitative manner the effect of surface decarburiza- 
tion, per se, on the endurance limit of steels. 
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(Readers’ Comments Continued from 
page 110) 
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Tour* has described experiments indicating that in the heat 
treatment of high-s steel, proper control of the atmosphere 
in the furnace chamber allows the steel to be exposed to furnace 
temperature considerably beyond the usual time taken as the 
permissible limit, and yet not bring about grain growth. 

Beside this retarding action upon grain growth, some users of 
our “certain-curtain’’ controlled atmosphere furnace report 
that by critical regulation of furnace atmosphere they are able 
to control distortion and dimensional change. While such 
changes are, of course, primarily due to the nature of the steel it- 
self, it is obviously desirable to have control over any other factor 
that may play a part. 

By use of manometers to show the gas-air ratio supplied to the 
combustion slot in our furnace, control of the atmosphere is ef- 
fected. Some preliminary tests were made in treating a high- 
speed steel of the usual type analysis 0.70% C, 18% W, 4% Cr, 
1% V, using specimens 1” long by '/:” diameter. A constant 
gas pressure of '/,” of water was used in all tests, and air pressure 
varying by steps of 1” from 1” of water pressure on test No. 1., 
to 10” on test No. 10. Gas samples from the furnace chamber of 
the high-speed furnace gave the results tabulated below: 


Dimensional Changes! 


Test CO: Orv Co inches in inches in 

No. % % % 1/2 inch diam.*? 1linch length? 
l 5.6 0 9.6 + .0001 — .0008 
2 6.6 0 7.9 + .0006* 0 
3 8.6 0 3.9 — .0001 — .0007 
4 9.2 0 2.6 — .0001 — ,0008 
5 10.0 0 1.0 — .0005 — .0010 
6 9.9 0.1 0.1 — .0017 — .0010 
7 10.0 0.4 0 — .0020 — .OO15 
s 9.5 1.9 0 — 0017 — .0005 
9 8.9 2.6 0 — 0015 — .0010 
10 8.4 3.8 0 — .0010 — .0020 


1 Measured after pickling 20 min., and scratch-brushing 

2 Average of measurements on both ends, agreeing within .0002”. 
3 One test only. 

4 At preheat 10 min. instead of 7 min. 


It will be noted that as soon as oxygen appears in the gases in 
the furnace chamber, there is an abrupt change in the diameter of 
the specimen; instead of the dimensional change being in the 
fourth decimal place, it jumps to the third. While the length 
changes do not follow the change in gas composition so closely, 
yet the average decrease in length for atmospheres without 
oxygen is 0.0007” while that for atmospheres with oxygen is 
0.0012”. 

The specimens were preheated 7 min. at 1550° F. in a controlled 
atmosphere furnace, using the gas-air ratio of test No. 2 and pre- 
sumably giving an atmosphere of similar composition. They 
were held at high heat, 2340° F., for 2 min. 

The specimens had been notched, and were broken at the notch 
and Rockwell C hardness determined at the fractured surface 
and on the outer surface. All fractured surfaces showed 65'/, 
+ 1/, and all outer surfaces 65 + '/, with the exception of test 
No. 10, on which the hardness fell from 65 at the fracture to 63 
on the outside. 

The specimens were then drawn 1 hr. at 1050° F. in a Homo 
furnace when all fractures showed 64 or 64'/, with the exception 
of the No. 3 which was up to 65. The outer surfaces all showed 
63 or 63'/, except Nos. 1 and 2 at 62'/, and No. 3 at 64, but had 
a very thin file-soft skin. 

On grinding off about 0.001 to 0.002” all outer surfaces showed 
64'/, + '/, except No. 5 at 63'/2. 

Thus, there is no notable or consistent differences in hardness 
of the different specimens that would account for the difference 
in dimensional changes noted, and we are forced to the tentative 
conclusion that the dimensional changes are in some way related 
to the furnace atmosphere. 

We hope later to supply data on further tests along this line. 


J. E. Hinges 
C. I. Hayes, Ine. 
Providence, R. I. 
August 5, 1931 


*S. Tour. The Heat Treatment of Delicate Tools of High-Speed Steel. 
Fuels and Furnaces, Vol. 8, Sept. 1930, pages 1251-1258. 


* @ 


Dr. H. W. Gillett, Director, Battelle Memorial Institute, 
Columbus, Ohio, and Editorial Director of Metrats & ALLoys, 
has been appointed a member of Committee E-9 on Correlation 
of Research for five years, to succeed Dr. G. K. Burgess, whose 
term expired with the recent annual meeting. Doctor Burgess 
has been a member of the committee since its organization in 
1924 and has rendered inestimable service during his term of 
membership. 
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THE NATURE OF CAST IRON 


[ITHOUT a doubt, the most versatile of metallic ma- 
W terials is cast iron. Upon visual examination, the 

fracture of a particular casting of cast iron may ap- 
pear white and brilliant and the material be hard, brittle, weak 
and unmachinable. The fracture of another casting may be 
dull and gray and the material be relatively soft, less brittle, 
strong and readily machinable. The fracture of still a third 
casting may show both of these types of structure side by side. 
This variation in structure is due, chiefly, to two elements other 
than iron present in plain cast iron and which are the most im- 
portant in their effect upon the structure and properties of that 
material. These are carbon and silicon. Carbon can exist in 
complete chemical combination 
with iron, as iron carbide or 
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This shows that the structure at room temperature consists 
of 45.0% cementite and 55.0% pearlite containing 6.5% 
cementite. The Brinell hardness number of this type of iron 
will average 450 to 500. 

If the foregoing iron contained about 1.3% silicon, a different 
structure would result. Some silicon would have dissolved in 
the austenite and some in the cementite. Silicon causes 
cementite to become unstable and to separate into pearlite and 
graphite. The result of such an addition is illustrated in 
Fig. 34 which shows graphite flakes (black) and the character- 
istic lamellar or plate-like structure of pearlite. The combined 
carbon in this type of structure is approximately 0.80%. 
The Brinell hardness may vary between 180 and 220. 

Now think of a cast iron 
containing about 2.25% silicon. 
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the details of the structure of 
cast iron can be readily ob- 
served. 

In Fig. 2‘ is shown the struc- 
ture of a white iron. In this 
material all carbon is chemically combined with iron. Two 
general types of structure are apparent. The massive plain 
areas are cementite. This material contains 6.67% carbon. 
The crinkly appearing areas are pearlite, each of which con- 
sists of alternate layers of ferrite and cementite. While the 
combined carbon in pearlite is small (about 0.80%) the struc- 
ture consists of 88.0% iron and 12.0% cementite. The aver- 
age total carbon, however, of an entire section of such a white 
iron is only 3.5%. Fig. 1' illustrates the changes which occur, 
during the process of cooling from the melt, in a thin section 
of such an ircn containing no silicon or other impurities. 


Fig. 1. 


* Research Metallurgist, The International Nickel Co., Ine., New 
York, N. Y. 


PERCENT 


Diagram illustrating the mech- 
anism of solidification of Hypo-eutectic 
White Cast Iron (Whitfield). 


practically carbon free individ- 
ual grains of ferrite. The 
Brinell hardness of this type of 
iron is usually 120 to 125. 

The structure of cast iron is 
also materially affected by the presence of alloying elements 
which by their particularly individual characteristics group 
themselves in two categories: 


1. Carbide-forming—such as vanadium, cobalt, chromium, 
molybdenum and manganese. According to present knowle 
such elements combine in nominal amounts with carbon and iron 
and tend to change structure from that shown in Fig. 4 to that 
shown in Fig. 2. ; . 

2. Graphitizing elements—such as nickel, aluminum, t- 
tanium, copper and tungsten. These elements cause cementite 
to decompose into graphite and pearlite and possibly some ferrite- 


Some of the alloying elements, when added in small quan- 
tities to cast iron, act as scavengers (deoxidizers or degasifiers). 
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In appreciable quantities some manifest their effects by alter- respond to heat treatment, at least to some extent, in a man- 
ing the metallic structures shown in Figs. 3 and 4 into new ner similar to that of a silicon steel with a corresponding 
types. Consider the effect of nickel. Fig. 64 shows the structure. 
effect of adding 3.5% nickel. This structure, which is called 
sorbite, is granular and unresolvable through the microscope THE EFFECT OF HEAT UPON THE STRUCTURE OF 
even at extremely high magnifications. The Brinell hardness CAST IRON 
of this material may vary between 230 and 300. This struc- 
ture is similar to that of some steels after certain specific heat The effect of heat upon the structure of cast iron is twofold: 
treatments. 
With the addition of approximately 5.0 to 11.0% nickel a 1. The effect upon eutectic and pro-eutectic carbide (massive 
ee : ' ee om carbide shown in Fig. 2). 
till different type of structure is obtainable as shown in Fig. 7.* 2. The effect upon the other types of structure (ferrite, 
7 is called martensite and resembles the structure of a file pearlite, sorbite, etc.). 
hi tool steel. The Prinell hardness, as cast, may vary 
from 300 to 425. The effect of heat upon eutectic and pro-eutectic cementite 
: increase in alloy content demonstrated up to this point depends upon: 
has caused a progressive hardening with change in structure. 
er increase in nickel (more than 11.0% or 12.0%) will 1. Temperature. 
a : Fae 2. Composition. 
produce not only another new type of structure (austenite as 2 Time 
shown in Fig. 8*), but will cause an astounding decrease in 
iess. The Brinell hardness of this type of structure is According to Sawamura? graphitizing elements, in general, 
about 110 to 125. This is a structure similar to that of non- lower the temperature at which eutectic cementite begins to 
macnetic and corrosion-resistant steels. break down (see Figs. 9 and 10). It is indicated in Fig. 11 
ii must be clear, then, that since the metallic structure of that if more than one graphitizing element is present each may 
gray iron resembles that of steel in its various phases it should supplement or probably even accentuate the effect of the 
Fig. 4. Microstructure of 
Fig. 2. Microstructure of Fig. 3. Microstructure of Cast Iron showing Graphite, 
White Cast Iron. Mag. Pearlitic Cast Iron. Mag. Pearlite and Ferrite. Mag. 
500. Etched. <500. Etched. 
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Pig. 5. Microstructure of Fig. 6. Microstructure of Fig. 7. Microstructure of Fig. 8. Microstructure of 
Ferritic Cast Iron. Mag. Sorbitic Cast Iron. Mag. Martensitic Gray Cast Iron. Austenitic Cast Iron. Mag. 
X500. Etched. <500. Etched. Mag. 500. Etched. <500. Etched. 
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other (e. g., nickel, copper and aluminum). Carbide forming 
elements increase the temperature of beginning of graphiti- 
zation of eutectic cementite as is also shown in Fig. 11. Since 
small proportions of manganese react with sulphur it is clear 
why the effect of this element is not apparent unless the per- 
centage is greater than 0.75% 
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Fig. 9. Temperature of beginning of graphitiza- 
tion of eutectic cementite in white cast iron (Sa- 


wamura ). 
Total Carbon 3.45% 
Silicon and impurities Nil 


After graphitization is once initiated the action at constant 
temperature is continued in three periods as follows: 


First period: graphitization progresses at a slow rate. 

Second period: graphitization progresses at an accelerated rate. 

Third period: graphitization progresses at a slow rate to equi- 
librium. 


This is plainly shown in Fig. 12° which also shows that 
graphitization is faster in a high carbon (graph A, 2.60% C) 
iron than in a low carbon (graph B, 2.30% C) iron. While the 
foregoing data relate primarily to the process of manufacture of 
malleable iron they are essential also in considering other heat 
treating processes. It is desirable in many instances that 
heating at elevated temperatures for short periods of time leave 
the original structure as little altered as possible. It is clear 
then, from Figs. 9 to 12, inclusive, that heating for short 
periods of time at temperatures as high as 1650° F. has little 
effect upon eutectic cementite, particularly in low carbon 
irons. 

The effect of heat upon pro-eutectoid cementite (cementite 
of pearlite) is most important, especially in gray iron. Cement- 
ite is more unstable in the presence of graphite than otherwise. 
That is why, unlike steel, pearlitic cementite in gray iron can be 
completely decomposed at comparatively moderate tempera- 
tures. However, this action, asin the case of eutectic cement- 
ite depends upon: 


1. Temperature. 
2. Composition. 
3. Time. 


It is indicated in Fig. 13‘ that prolonged heating above 600° 
to 1000° F. (depending upon composition) causes eutectoid 
cementite to decompose into ferrite and graphite. The higher 
the silicon, the lower the temperature at which eutectoid 
cementite is decomposed by the action of heat. The presence 
of carbide forming elements such as chromium tends to inhibit 
the decomposition of eutectoid cementite. Fig. 144 shows 
that the effect of time is similar to the effect in the case of 
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eutectic cementite. Addition of silicon accelerates; and addi- 
tion of carbide forming elements decelerates the decomposi- 
tion of the eutectoid carbide. However, the initial phase of 
decomposition is at such a slow rate that during ‘he relatively 
short time that cast iron is subjected to heat in the ordinary 
process of annealing or heat treating any change which may 
occur is negligible, particularly in low Si irons. 

The structures of one inch sections of step bars containing 
nickel and silicon are shown in Fig. 15.5 These structures 
consist of sorbite, martensite and austenite and combinations 
of these structures. Through the action of heat over short 
periods of time at relatively high temperatures (1562° F.), as is 
shown in Fig. 16,° the tendency is for pearlite and sorbite as 
well as martensite to change to ferrite and graphite. Marten- 
site-austenite and low alloy content austenite tend to change 
to martensite. High alloy content austenite is stable unless 
the temperature is lowered to 30° to 300° F. below zero (de- 
pending upon the exact composition). 


THE CRITICAL RANGES OF CAST IRON 


Studies of the critical ranges of cast iron* ® 7: 5 % 1 16 have 
been made by a number of investigators. Since some re- 
sults have been reported as beginning and end and others as 
the maximum rate of change and since widely different meth- 
ods of determination have been used as well, the recorded data 
vary widely. As in the case of steel, the initial stage of the 
critical range will depend upon the combined carbon presen‘ 

In Fig. 17 is shown the effect of silicon on the end points of 
the Acs. and Ar, ranges of cast iron with combined car}on 
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Fig. 10. Temperature of beginning of graphitiza- 
tion of eutectic cementite in white cast iron (Sa- 





wamura). 
Total Carbon 2.50% 
Silicon and impurities Nil 


between 0.55 and 0.90%. The effect of addition of silicon is 
to raise both the Ac and Ar critical ranges. One percent of 
silicon raises the temperature of the Ac range approximately 
53° F. 

The effect of nickel is to lower both the Ac and Ar critical 
ranges as is shown in Fig. 18. Each percent of nickel (up to 
4.0%) lowers the Acs,2 range approximately 40°F. It is evi- 
dent from Fig. 19 that the effect of silicon predominates over 
small percentages of nickel but as nickel is increased above 
1.50% the effect of nickel predominates over silicon by lower- 
ing the critical ranges. 





September, 1931 METALS & ALLOYS 




































































































































Fig. 13. Effect of annealing for 90 hours at various 
temperatures on the combined carbon of plain and nickel- 
chromium cast iron. 


Compositions in percent 


No. l 2 3 4 
Total Carbon 3.12 3.10 3.10 3.15 
Silicon 1.08 1.69 1.13 1.76 
Nickel None None 1.21 1.13 
mium None None 0.39 0.45 
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Fig. 14. Effect of time annealing at 1100° F. on 
graphitization of cementite of pearlite. 


Compositions in percent 


No. l 2 3 

Total Carbon 3.12 3.10 3.10 
Silicon 1.08 1.69 1.13 
Nickel None None 1.21 
Chromium None None 0.39 
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Chromium raises the temperature of both the Ac3. and Ar, 
ranges. One percent of chromium raises the Ac;,. range ap- 
proximately 120° F. 

Very little has been published on the effect of other 
alloying elements or combinations of them. From the known 
data the following somewhat speculative conclusions are in- 
dicated. 

One percent molybdenum raises the Ac range 10° F. 

One percent vanadium lowers the Ac range 175° F. 

The joint effect of nickel and chromium is rather complex. 
With a balanced proportion of nickel and chromium (2'/; parts 
nickel to 1 part chromium), chromium apparently predomi- 
nates in low silicon iron (1.0 to 1.5% silicon) and the resultant 
effect is a slight increase in the temperature of the Ac range. 
In the high silicon range (2.0 to 2.20% silicon), nickel in bal- 
anced proportion predominates over chromium and causes a 
slight lowering of the temperature of the Ac range. 
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THE PURPOSES OF HEAT TREATMENT OF CAST IRON 


The main purpose of heat treatment of cast iron is the altera- 
tion or enhancement of some properties which will increase 
its usefulness, or extend the field of its, industrial applica- 
tion. 


Baking 


Castings which have been pickled in acid in order to remove 
sand or scale are usually quite brittle due, supposedly, to oc- 
cluded hydrogen. Baking for a few hours at 300° F. will 
completely remove this brittleness. 


Aging 


In general, aging to relieve casting stresses without mate- 
rially affecting physical properties is carried on in the tempera- 
ture interval 800° to 1100° F. Data showing the practice used 
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Structure of numbered areas to 1202° F. 
l. Pearlite and austenite cementite eutectic. Structure of numbered areas 
2. Pearlite and pro-eutectoid cementite and 
graphite. 1. Pearlite and austenite cementite eutectic. 
3. Pearlite and graphite. 4. Sorbite and graphite. 
4. Sorbite and graphite. 6. Martensite. 
5. Martensite and graphite. 7. Austenite and graphite. 
6. Martensite and austenite and graphite. 8. Granular pearlite and graphite. 
7. Austenite and graphite. 9. Ferrite and graphite. 
Table 1—Aging Cast Iron to Relieve Casting Stresses 
Time at 
Temperature, Temperature, Total — -—Chemical Composition ——— PENNS 
"we Hours Carbon, % Manganese, % Phosphorus, % Sulphur, % Silicon, % Nickel, % Chromium, % 
800 4 3.50 0.55 to 0.75 0.20 max. ? 1.75 to 2.75 1.00 1.00 
950 to 1100 1 3.25 to 3.42 0.45 to 0.75 0.17 to 0.30 0.075 to 0.10 1.85 to 2.25 Ts 
975 varies various 7 tr 
1000 varies various rr 
1000 3 3.00 0.60 0.20 max. 0.07 1.20 
1050 3 to 5 various cree 
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In the combination nickel-vanadium, each of these elements 
augments the effect of the other in lowering the Ac range. 

In the combination nickel-molybdenum, nickel predomi- 
nates and effects a lowering of the temperature of the Ac 
range. 

Both chromium and molybdenum in a combination of those 
elements jointly raise the temperature of the Ac critical 
range. 

Since a thorough knowledge of the critical ranges is essen- 
tial to intelligent heat treatment, extended investigation of 
the subject should prove fertile ground for future investiga- 
tions. 





by a number of industrial concerns are shown in Table 1.” 
Some manufacturers use higher temperatures at the expense 
of hardness and strength as is evident by considering Fig. 20," 
which shows that annealing at 1450° F. causes a reduction 
of 33% in tensile strength and 23 to 26% in Brinell hardness. 
The length of time at temperature is also important, as 1s 
shown in Fig. 21.1 Annealing at 1050° F. for 6 hours showed 
practically no effect on Brinell hardness while the same treat- 
ment at 1150° F. caused a reduction of 30% in hardness. 
Reference to Fig. 13 would indicate that the lower the silicon 
the higher the temperature at which rapid alteration of prop- , 
erties occurs, and that for the same silicon content the joint 
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presence of nickel and chromium slightly increases the tempera- 
ture at which rapid change begins to occur. A similar effect 
is shown in Fig. 14.4 The quantitative data regarding relief 
of stress by aging shown in Fig. 22'° are interesting. They indi- 
cate that while a temperature of 1150° F. will relieve prac- 
tically all stress, appreciable structural alteration occurs 
(growth following decomposition of cementite of pearlite). 
The best temperature to relieve maximum stress for this silicon 
content with minimum alteration of structure is 900° F. 
The effect of heating above 900° F. is further evidenced by 
the softening shown in Table 2."” 


Rust Proofing 


rust or corre sion by: 


1. Chemical treatment accompanied by heat. 
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2. Coating with non-corrosive metals applied by accompanied 
action of heat. 


Many so-called rust proofing processes such as Parkerizing, 
Cosletizing, etc., require some action of heat, but the tempera- 
ture is too low to have any definite effect upon the structure or 
properties of cast iron. 

Some processes, however, require much higher temperatures. 

Bluing is usually effected by heating at 900° F. in a bath 
consisting of 50% each of sodium and potassium nitrates fol- 
lowed by quenching in oil. Small quantities of potassium 
permanganate and manganese dioxide are often added to the 
nitrate bath. 

Gun metai or black finish is accomplished in the same 
manner except that the heating temperature is 1000° F. A 
black finish is also obtainable by heating parts packed with 
carborizing material in boxes to 1200° F. and then quenching 



























































































































































Fig. 17. Critical ranges of /600 a /700 “" 
plain cast iron containing 3.3% 
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Fig. 20. Properties of plain cast iron after an- 
nealing for one hour and cooling in the furnace 
(MacPherran and Harper). 


Compositions 
No. A B 
Silicon 1.44 1.69 
Sulphur 0.123 0.10 
Manganese 0.68 0.55 





2 4 o~ 


Fig. 21. Effect of time of annealing on 
hardness of plain cast iron (MacPherran and 


Harper). 

No. A B 
Silicon 1.32 1.32 
Sulphur 0.097 0.097 
Manganese 0.59 0.59 
Annealing temp. 1050° F. 50° 
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Fig. 22. Effect of annealing one to three hours on 
growth and expansion of stress-test bars. The less 
the expansion the greater the relief of internal stress 
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Table 2—-Effect of Annealing Temperature on the Hardness of Cast Iron 


Composition: Total Carbon, 3.42%; Graphitic Carbon, 2.95%; Com. 
bined Carbon, 0.47%; Manganese, 0.77%; Phosphorus, 0.17%; Sulphur 
0.092%; Silicon, 1.87%. : 


Rockwell 
' Hardness 
Brinell Hardness Sclero- Number, 
Number scope ‘‘B’’ Scale, 
10-mm. 5-mm. Hardness '!/j-in 
Annealed 1 Hour Ball, Ball, Number, Ball, 100- 
at 3000-kg. 750-kg. Model kg. 
Specimen a, 4 "F. Load Load D Load 
No. 1 : as cast as cast 201 206 37 93 
No. 2 100 212 197 196 36 91 
No. 3 200 392 201 206 37 93 
No. 4 300 572 197 196 36 91 
No. 5 400 752 197 196 36 90 
No. 6 500 932 170 178 32 85 
No. 7 600 1112 114 111 25 68 
No. 8 700 1292 121 121 25 71 


The practice in general commercial use by a number of 
manufacturers is shown in Table 3.'* This practice covers a 
wide range of temperature, composition and application. 

The effect of annealing at various temperatures on the hard- 
ness of gray iron is shown in Table 4!” and Figs. 25 and 26," 
The effect on combined carbon is shown in Figs. 23, 24,13 25 
and 26'* and the effect on tensile strength in Figs. 25, 26™ 
and 27.'5 From these data the following general conclusions 
can be drawn. 


1. The maximum softening effect is obtained by annealing 
between 1100° and 1550° F., the most desirable temperature 
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Figs. 23 and 24. Effect of 


annealing on combined car- 


in sperm oil. Another method is to im- 
merse parts in a bath of copper sulphate 
until a layer of copper is deposited on the No. 
entire surface by precipitation. This is 
followed by heating at an elevated tem- 


perature until the copper coating is oxidized “wee 

aut anganese 

MaCK. ag Phosphorus 
Coating with zinc by sherardizing is Sulphur 

carried out at temperatures ranging from Silicon 


600° to 775° F. and dip galvanizing at 
temperatures above 800° F. 

The effect of these ranges of temperature upon high silicon 
iron, especially for protracted periods of time, is to cause a re- 
duction in both hardness and strength. When it is essential 
that hardness and strength be altered as little as possible it is 
desirable to keep silicon and carbon as low as possible and still 
maintain a gray fracture. Reference to Fig. 13 indicates that 
the addition of nickei and chromium in balanced proportion 
(2'/. parts nickel to 1 part chromium) tends to minimize the 
deleterious effect of heat in these processes. 


Annealing 


Annealing is carried out essentially to reduce hardness and 
facilitate machining. However, these ends are accomplished 
at the expense of some strength. 


bon of cast iron (Roth). 
Compositions as cast 


Total Carbon 
Combined Car- 


being 1400° F. (However, this depends upon 
the exact chemical composition.) 


1 2 2. While combined carbon and hardness 

are decreased as total carbon increases, the 

3.52 3.25 variation of strength with total carbon B 
insignificant. 

0.50 0.43 3. For maximum reduction in combined 

0.75 0.92 carbon and hardness with little effect on 

0.40 0.22 strength, silicon should be below 1.50%. 

0.05 0.068 

1.75 2.70 While martensitic gray iron can be de 


composed by annealing for 6 hours or more 

at 1250° F., it is necessary to anneal mat- 
tensitic white iron at least 6 hours at 1700° F. in order to 
sufficiently decompose the structure to render machining 
possible. 

Small typewriter parts, bodies of carpenters’ wood planes 
and other parts of builders hardware which do not require 
either hardness or strength are annealed at 1400° to 1450° F. 
in order to obtain maximum machinability. Such an anneal- 
ing treatment usually reduces Brinell hardness to 120 to 130 
and permits machining speeds as high as 200 ft./min. 


Malleableizing 


The malleableizing of white cast iron is essentially a heat 
treating process, but since it has developed into an indepet- 
dent industry on a huge scale, and the literature on the sub 
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Table 3—-Softening Cast Iron by Annealing to Facilitate Machining 
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Time at Chemical Composition 
Temperature, Temperature, Total Man- Phos- Sulphur, Silicon, 
°F. ours Carbon, % ganese, % phorus, % % % Remarks 
1100 to 1200 ? ay rae various various Chilled rolls 
1200 to 1250 ? ey various various nae aan Miscellaneous castings 
1400 depends on size te 0.60 to 0.90 0.20 to 0.40 0.07 to 0.10 . 150 Large press frames and miscellaneous castings 
1400 1 3.25 to 3.42 0.45t0 0.75 0.17 to 0.30 0.075 to 0.10 1.88 to 2.25 Pistons 
1400 to 1450 11/2 3.25 to 3.50 0.50to0 0.60 0.20 to 0.30 0.075 to 0.10 2.10 to 3.25 Pistons 
1420 to 1475 varies TF various various a hace a Miscellaneous castings 
1450 1 3.40 0.65 0.65 0.09 2.80 Small castings in boxes 
1450 2 3.50 0.70 0.40 0.10 2.50 Typewriter parts 
1450 1 to 2 wis 3 various various vaek nye Miscellaneous castings 
1500 5 ana te various various oe rr Small castings 
1500 1/9 alin 0.40 to 0.80 0.20to0 0.55 0.08 to 0.13 1.30 to 2.30 Miscellaneous castings 
1540 varies 3.55 0.54 0.58 0.078 2.42 Miscellaneous castings 
1600 varies lec gray iron gray iron ee i dh Knitting machine parts 
1600 to 1800 varies 3.40 to 3.70 0.50t00.70 0.40 to 0.80 0.05 tc 0.08 1.60 to 2.00 Centrifugal pipe* 
1300 to 1650 3 3.00 to 3.25 0.40to 0.60 under0.20 0.08 to 0.12 1.10 to 1.30 Large piston rings, smal! liners 
* Chill cast (necessary to break down eutectic cementite). 




























































































ject is very voluminous, it can hardly be treated in the pres- Table 4—Effect of Annealing Temperature on the Hardness of Cast Iron 
nt discussion Composition: Total Carbon, 3.42%; Graphitic Carbon, 2.95%; Combined 
en , F Carbon, 0.47%; Manganese, 0.77%; Phosphorus, 0.17%; Sulphur, 
0.092%; Silicon, 1.87% mim 
. tock well 
Toughening Brinell Hardness Hardness 
ee . . . 7 Number Scleroscope Number, 
White iron is usually quite brittle and it is often necessary 10-mm. 5-mm. Hardness ‘‘B"’ Scale, 
f ; . ‘ es Ball, Ball, Number, !/ie-in. Ball 
to resort to annealing in order to obtain sufficient toughness to Annealed 1 Hour at 3000-kg. 750-kg. Model  100-kg. 
prevent breakage during handling or shipment. Grate bars Specimen ©. y. Load Load » Load 
containing less that 3.00% C, approximately 1.00% Si, 1.00 to gt te lla ae [a uf = 
3.00°7, Ni and 0.50 to 1.00% Cr are white and brittle as cast. No. : S00 es 170 He 3 85 
- ’ ‘ ‘ NO, Zz 2! 68 
An ing at 1500° to 1600° F. for 3 to 4 hours, followed by No. 5 700 1292 121 121 25 71 
ed r —_ nfRei SRY Neg No. 6 Or 1472 156 17 30 
fu cooling, will precipitate sufficient graphite to increase ao F ree +h 7. th ea + 
ti ss and facilitate handling without breakage. No. 8 1000 1832 179 187 34 85 
Notr.—!/s in. of surface material removed after heat treatment before 
Ou hing tests were made. 
| heated above the critical range and cooled at an ac- 
cel: d rate (for instance, quenched) cast iron exhibits the through troostite and sorbite to pearlite. Figs. 28, 29 and 304 
sal ler of reactions that steel does if treated in the same show the structure of a low silicon iron as cast, after quenching 
m Quenching in oil or water develops a true marten- in oil and after quenching and drawing at 800° F. Figs. 31, 32 
sit cture. Drawing after quenching produces a reversion and 334 show the structure of a medium silicon nickel-chro- 
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1 Se al ~—ewy fF i” gl oe 
a agp om = 
%o Toray |CARBON ape % Siuilcon 2900 
250 275 39.0 325 <I460 OF AO 45 2.0 aT 
Pig. 25. Change of properties of plain Fig. 26. Change™of properties of plain Fig. 27 
se iron of varying carbon content effected cast iron of varying silicon content effected Cntenindina 
y annealing (Donaldson). by annealing (Donaldson). a 
Total Carbon 3.10 
A—Carbon change at 1042° F. A—Carbide change at 1042° F. Manganese 0.45 
A arbide change at 842° F. B—Carbide change at 842° F. Phosphorus 6.18 
—Hardness change at 1042° F. C—Hardness change at 1042° F. Sulphur 0.12 
D—Hardness change at 842° F. D—Hardness change at 842° F. Silicon 1.10 
E—Strength change at 1042° F. E—Strength change at 1042° F. 
; F—-Strength change at 842° F. 
Composition 
Manganese 0.89 to 1.06% Composition 
3 psphorus 0.34 to 0.41 6 Total Carbon 3.07 to 3.35% 
ee 0.053 to 0.1 1% Manganese 0.57 to 0.97% 
icon 1.21 to 1.31% Phosphorus 0.17 to 1.01% 


Sulphur 0.054 to 0.12% 
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Fig. 28. Low Fig. 29. Low Fig. 30. Low 
silicon cast iron’ silicon cast iron’ silicon cast iron 
as cast. Pearlitic quenched in oil quenched in oil 
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Fig. 34. Effect of quenching temperature and quench- 
ing medium on Brinell hardness of high silicon cast iron 
(Walls and Hartwell). 


Composition 
Total Carbon 3.30 to 3.35% 
Combined Carbon 0.52 to 0.55% 
Manganese 0.70 to 0.75% 
Phosphorus 0.202 to 0.210% 
Sulphur 0.081 to 0. O87 /o 
Silicon 2.27 to 2.33% 


mium iron after identically the same treatments. The original 
structure in each case was pearlitic, after quenching the 
structure was martensitic and after quenching and drawing, in 
both eases, the structure was sorbitic. It will be noted that in 
all corresponding instances, although silicon was compara- 
tively high, the structure of the nickel-chromium iron was 
much finer than that of the plain low silicon iron. 

As can be expected after viewing the effect of quenching upon 
structure, a corresponding effect upon hardness is obtained 
through the same process. Fig. 34'° shows that quenching 
from various temperatures into different media causes Brinell 
hardness of a high silicon iron to vary with treatment. Fig. 
35'° shows the effect of oil quenching on the hardness of a low 
silicon iron. The variation of hardness with quenching 
temperature of medium silicon nickel irons is shown in Fig. 36." 
The effect of oil quenching on nickel-chromium cast iron is 
shown in Fig. 37'° and of water quenching on chromium- 
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Fig. 31. Me- Fig. 32. Medium Fig. 33. Me- 
dium __ silicon silicon nickel- dium silicon 
nickel-chromium chromium cast nickel - chro- 
cast iron as cast. iron uenched mium cast iron 
Pearlitic. Mag. from 300 quenched in oil 


Martensitic. from 1500° F. and 


<500. Etched. 
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Fig. 35. Effect of geseenion into oil from various tem- 
——- on Brinell hardness of cast iron containing 


10% carbon and 1.10% silicon. 


molybdenum iron in Fig. 38.!° Silicon is so high and manga- 
nese relatively high in cast iron that water quenching is too 
drastic and tends to cause checks or fine cracks on the surface 
of pieces treated. 

In the diagram, Fig. 39,4 is shown a comparison of the rela 
tive response of various types of iron to oil quenching. Each 
iron was quenched from 50° F. above its upper critical range. 
The diagram indicates the following general facts: 


1. Low silicon irons respond to heat treatment better than 
high silicon irons. 

2. Nickel iron shows better response than plain iron of other 
wise the same composition. 

3. Nickel-chromium irons (particularly low silicon or low 
carbon) respond better to heat treatment than either plain iron or 
nickel iron. 


Simple quenching in order to increase hardness is applied to 
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Fig. 36. Effect of quenching from various temperatures 
into oil on Brinell hardness of plain and nickel cast iron 
(Guillet, Galibourg and Ballay). 


Compositions 
l 2 3 4 
tal Carbon 3.38 3.12 3.42 3.07 
Silicon 2.00 1.46 1.80 1.70 
>kel 0.00 1.15 3.32 5.07 


s] velers and cams in shoe machinery, a Brinell hardness 
g) r than 400 being desired in order to resist wear and 
pl t denting. 


Que: ching Followed by Drawback 


variation of Brinell hardness with drawback tempera- 


tu r hardening is shown in Figs. 40,'* 414 and 424 for both 
p] ickel and nickel-chromium cast irons. These graphs 
ar e same general type as for heat treated steel. 


ffeect of quenching upon the tensile’strength of a low 
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Fig. 37. Effect of quenching into oil on Brinell hardness 
of nickel-chromium cast iron (Walls and Hartwell). 


Composition 
Total Carbon 3.06 to 3.34% 
Manganese 1.05 to 1.10% 
Silicon 2.10 to 2.23% 
Nickel 1.05 to 1.17% 
Chromium 0.64 to 1.03% 


silicon plain iron is given in Fig. 43'° and shows that as the 
quenching temperature is raised above 1400° F. the tensile 
strength falls off progressively. Fig. 44'° shows the effect of 
drawback on the same iron. Figs. 45 and 46'* show similar 
data for three high silicon nickel-chromium irons. It is ap- 
parent from these data that: 


1. Reheating after quenching within a definite range of tem- 
perature effects an augmentation in tensile strength. 

2. The higher the quenching temperature the higher the tem- 
perature of drawback required to produce maximum tensile 
strength. 

3. Quenching in oil from above the upper critical range and re- 
heating to between 600° and 800° F. increases tensile strength 
above that in the “as cast’’ condition. It is probable that the 
extent of increase in strength depends upon the exact chemical 
composition. 


As shown in Table 5,‘ the high strength alloy type of cast 
iron shows particular response to heat treatment. Oil quench- 
ing from above the critical range, followed by drawback be- 
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, Fis. 38. Effect of quenching into water on hardness of 
c romium-molybdenum cast iron (Walls and Hartwell). 
071 Position : total carbon, 3.28 to 3.39%; manganese, 
024 to 0.84%; silicon, 2.16 to 2.23%; chromium, 0.16 to 

22%; molybdenum, 0.68 to 0.78%. 







Fig. 39. Graphic representation that alloy iron and 
particularly nickel-chromium irons develop greater 
hardness than plain iron when quenched in oil. Lower 
division of each column represents the hardness of the 
‘“‘cast’’ condition. 
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Fig. 40. Effect of drawing temperature after quenchin 
into oil from 1500° F. on Brinell hardness of plain an 
alloy cast iron. 


No. l 2 3 6 
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Fig. 41. Effect 


of drawback 
after quenching 
into oil from 


1500° F.. on hard- 
ness and com- 
bined carbon of 


Fig. 42. 





after quenching 


various tem 
hardness o 


Vol. 


2, No. 3 


Effect of drawback 


into oil from 


ratures on the Brinell 
p\ain cast iron con- 


taining 3.10% carbon and 1.0% 


silicon. 




















































































































































































































4 5 cast iron con- 1. Quencl. ia oil from 1400° F. 

Total Carbon 3.10 3.12 3.10 3.15 2.68 2.69 taining 3.51% 2 in se 

Silicon 1.69 1.08 1.13 1.76 2.31 2.36 carbon, 1.17% 3. $e =e?” ee 

Nickel None None 1.2! 1.13 1.22 1.22 silicon and 2.00% 4 e eS 

Chromium None None 0.39 0.45 0.33 None nickel. 5 " pe ee 
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tween 600° and 800° F., produces an increase s 4 
in tensile strength of approximately 15 to 40%. r 20 
Quenched and drawn nickel-chromium cast iron 5) 

vastings have been extensively applied as dies for drawing Fig. 43. Effect 2 

and stamping sheet metal. The following range of composi- of quenching ,u 10 2 

tion has been used: into oil from qh ~2 S S N 

various tempera- § Sk r 8 N 
Total carbon 2.70 to 3.30% tures on the ten- v 
Manganese 0.50 to 0.80% sile strength of S 


Under 0.25% 
Under 0.12% 
0.90 to 1.60% 
2.50 to 3.50% 
0.50 to 1.00% 


Phosphorus 
Sulphur 
Silicon 
Nickel 
Chromium 


The exact chemical composition depends upon the size and 
thickness of the die. These dies are usually given the follow- 
ing thermal treatment. 


Heat to 1550° to 1650° F. 
Quench in oil. 
Drawback to 300 to 350 Brinell hardness. 


These dies are used for forming autemobile bodies, headlight 
reflectors, household utensils, parts of agricultural machinery, 
stoves and furnaces, cafeteria trays and general sheet metal 
stamping and forming. They are also used for hot heading 
railway spikes, forming shovel blades and shanks, and drop 
forge dies requiring a limited number of impressions. The 
advantage of this type of die is that the tendency of sheet 


cast iron con- 
taining 3.10% 
carbon and 1.1% 
silicon. 


Fig. 44. Effect of drawing tem- 
perature after quenching in oil 
from various temperatures on the 
tensile strength of cast iron con- 
taining 3.10% carbon and 1.10% 


silicon. 


1. Quenched from 1400° F. 
2. 7 ** ~=1800° F. 
3 re ° te 
th “  1800° F. 
5 “, ‘°° 200° F 
Table 5—Effect of Quench and Drawback upon the Tensile Strength of 
High Strength Nickel Cast Iron 
Composition Tensile Strength in Ibs./in.? 
Total Guenshae Oil 1500° F. 
Carbon, Silicon, Nickel, Original Drawn at 
Specimen % % % as Cast 600° F. °F 
NE Ne gae 2.46 1.98 2.44 59,300 84,700 88,320 
No. 2 2.84 1.98 1.44 55,600 75,560 78,840 
No. 3.. 2.78 1.79 2.28 68,000 ,600 84,240 
No. 4 2.89 2.02 2.44 66,200 75,560 78,840 
No. 5 2.68 2.26 2.69 64,200 72,000 73,400 
No. 6 2.81 2.02 3.08 69,606 63,200 82,100 
No. 7 2.56 3.06 3.14 60,100 69,200 75,960 
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Fig. 45. Effect of quench and drawback on Brinell 
hardness of nickel-chromium cast iron piston rings 


Hurst). 


No. l 2 3 
lotal Carbon 3.36 3.35 3.39 
Silicon 2.30 2.07 2.09 
Nickel 1.32 2.56 3.37 
Shromium 0.44 0.95 0.61 
huenching medium Oil Oil Air 


n to gall or pack is eliminated and they outlast plain iron 


dies 10 to 40 times. An English producer heat treats Diesel 
engine liners containing 2.50% nickel and 0.50% chromium to 
a Brinell hardness of 420 in order to reduce wear. 

Carburizing 


\t least two manufacturers in the United States subject 
cast iron parts to the following carburizing process: 


1. Pack in bone black or leather chips. 
2. Heat for 4 hrs. at 1750° F. 

Cool in pots. 

Reheat to 1450° F. in lead pots. 
Quench in brine. 

Draw at 430° F. 


SS Ure Wt 


_ Small parts for textile machinery, latches and trips for sur- 
lace grinders and automatic screw machines, are given this 
treatment in order to better resist wear and impact. 


CONCLUSIONS 


The application of some forms of heat treatment of cast iron 
has been extensively adopted for some time by various indus- 
tries, in particular the processes of artificial aging and anneal- 
ing to facilitate machining. More recently and to a limited 
extent, quenching or quenching followed by drawback has 
been adopted for certain specific purposes. While the extent 
of the application of heat treatment of cast iron can be con- 
sidered comparatively limited at the present time and the 
amount of data available rather meagre, the possibilities are 
promising and at the same time an interesting field for 
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Fig. 46. Effect of quench and drawback on tensile 
strength of nickel-chromium cast iron piston rings (Hurst ). 


No. l 2 3 
Total Carbon 3.36 3.35 3.39 
Silicon 2.30 2.07 2.09 
Nickel 1.32 2.56 3.37 
Chromium 0.44 0.95 0.61 
Quenching medium Oil Oil Air 


future extension of the applications of cast iron in industry 
presents itself as a fertile possibility. 
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NITRIDING for 


the ENGINEER 


BY OSCAR E. HARDER* 


ITRIDING as a commercial means of producing an 

extremely hard surface on steel is only about five 

years old. The invention of the process as it is used 
at the present time is credited to Dr. Adolf Fry of the Krupp 
Works, Essen, Germany. During the past five years, how- 
ever, many investigators have contributed to the develop- 
ment of this process. 

Many papers have been published. My own card index, 
which I know to be incomplete, contains about three hundred 
references to papers dealing with nitriding. Notwithstand- 
ing the large number of papers which have been published, 
it is still difficult for the engineer who is not directly engaged 
in research work in this field to know what steels are avail- 
able and lend themselves advantageously to the nitriding 
treatment, how the nitriding process is carried out to the 
best advantage to produce a required 
set of physical and mechanical prop- 
erties, what steel should be selected, 
and how it should be nitrided for 
given types of service, and finally 
what service performance may be 
expected under the wide variety of 
conditions imposed by industry. 

In its simplest form the nitriding 
process consists in heating the steel 
parts in an atmosphere of ammonia 
to temperatures ranging from 850 
to 1200° F., usually for one to two 
days. The rather long time required 
is the chief difficulty from the pro- 
duction point of view, and, of course, 
much effort is being put upon cut- 
ting it down. More frequently the 
nitriding temperature is within th 
range of 950° to 1000° F. Fo. 
special purposes combinations of 
high and low temperatures are used in nitriding; for ex- 
ample, Sergeson*® has proposed the use of a low nitrid- 
ing temperature (950° to 1000° F.), followed by a high 
nitriding temperature of 1150° to 1200° F. as a means of 
producing a tougher case, and at the same time producing 
a case of greater depth in a given period of nitriding treat- 
ment. 


anyway?’ 


The Nitriding Process 


On the other hand, McQuaid*' has reversed the cycle and 
patented (U. 8. 1,804,176) a nitriding cycle in which he 
uses first a high nitriding temperature, such as 1200° F., 
and then follows this by a low temperature, such as 950° to 
1000° F. McQuaid makes the claim that this cycle ma- 
terially shortens the nitriding time, and yet produces a case 
with satisfactory properties. 

Cowan has described a continuous nitriding furnace, in 
which the steel and ammonia flow is in the same direction, 
thus subjecting the steel first to the action of practically 
pure ammonia at a low nitriding temperature. As the work 
flows through the furnace, a higher temperature is reached, 
and the exhaust gas is 85 to 95% dissociated. This process 
is claimed to shorten the time required, to produce a high 


* Assistant Director, Battelle Memorial Institute. 


OT so long ago, one of the editorial 
staff was asked by an engineer whom 
one might have expected to know the 
answer, ‘‘What’s this ‘nitriding’ all about 
At a recent technical meeting, 
the head of one of our great steel companies 
introduced the author of a paper on ni- 
triding, and stumbled over the pronuncia- 
tion of the word. Evidently, the accoun- 
tants had not yet put any figures on his bal- 
ance sheets to lead him to make inquiry as 
to what nitriding is. 

It is true that nitriding is but an infant, 
but it is a lusty one, and no user of metals 
who is worried by the problem of wear- 
resistance should fail to consider the possi- 
bilities of this new process. This article 

should answer the engineer's question. 


quality case, and to give a much better utilization of the am- 
monia, with a 90% dissociation, as compared with the usual 
30%. 

Merten*® has recommended nitriding at 650° to 700° for 
2 hours, at 850° to 900° F. for 2 hours, and then at 975° to 
1000° F. until the required depth of case is obtained the 
depth being about 0.001 inch per hour at 975° F. 

A variety of furnaces and other items of equipment have 
been developed for carrying out the nitriding opera- 
tion.‘ *. %% 4 At least ten companies are manufacturing 
furnaces which have been especially designed for nitriding 
service. Modifications of the above process have been 
studied, in which attempts have been made to accelerate the 
nitriding operation by the introduction of catalyzers®®, ma- 
terials to absorb the hydrogen*!, ete. Kinzel and Egan 
have proposed a process of produc- 
ing a nitrided surface on steel by 
heating at low temperatures, 860° F. 
(460° C.) in a molten cyanide bath. 
The process is capable of producing 
a high surface hardness but seems 
to be limited to very thin cases of 
the order of a few thousandth» of 
an inch. 

The nitriding process as usually 
carried out is capable of producing 
extremely high surface hardnesses 
(1000 to 1200 Vickers-Brinell), and 
cases of considerable depth can be 
produced, providing a sufficiently 
long nitriding time is used. The 
maximum hardness of the case re- 
sults from nitriding at about ‘50° 
to 1000° F. and decreases somewhat 
as the temperature is increase to 
1200° F. The depth of case de- 
pends both upon the time of nitriding and the temperature 
and increases with both of these factors. Circulation of the 
ammonia gas in the nitriding chamber is desirable and is 
provided for by mechanical means or by the proper location 
of the gas inlets and outlets. 

Exactly why a nitrided case is hard is not known. It is 
generally agreed that in the nitriding process ammonia com- 
ing into contact with the surface of the steel is decomposed 
or dissociated into nitrogen and hydrogen, both of which exist 
first in the nascent state. In this condition the nitrogen 
reacts with the steel to form compounds of iron and certain 
alloying elements. The nitrogen then diffuses into the ste: 
the rate of diffusion being a function of time, temperature 
and to some extent composition of the steel. 

Grossmann" has suggested that the hardness is due to 
the formation of practically non-diffusible aluminum-nitto- 
gen compounds (aluminum being used to represent the nitro- 
gen hardening elements chromium, molybdenum, vanadium, 
etc.). Hardening may be due to precipitation of fine parti- 
cles of such compounds, and hence may be classed among 
age-hardening or precipitation hardening phenomena. 

Merten®® attributes the hardening both to formation of 8 
hard solid solution and to precipitation, and says that the 
somewhat lower hardness, but greater ductility, of aluminum 
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molybdenum steels, as compared with the aluminum-chro- 
mium-molybdenum steels, is due to the fact that in the former 
the hardness is solution hardening entirely. However, the 
fact remains that the surfaces of certain steels can be made 
extremely hard by nitriding, and that is what the engineer 
wants to know, thus leaving to the metallographer the prob- 
lem of sometime determining the “why.” 


Cost of Nitriding 


The cost of producing hard, wear resistant surfaces on the 
steel by the nitriding process is usually compared with the 
cost of ease carburizing and hardening. The prices of the 
nitriding steels range from two to three times those of the case 
carburizing steels, depending upon whether the latter is an 
alloy or plain carbon steel. 


he cost of nitriding to produce a case '/3." in depth, as 
compared with producing the same depth of case by carburiz- 
ing and hardening, has been estimated as ten to twenty times 
as great by one man engaged in commercial heat treating.*' 


On the other hand, Freeland reports that the cost of nitrid- 


ine is little more than carburizing and hardening, especially 
v the cost of straightening warped parts and the loss due 
t ected parts are considered. One automotive company 
r ed that the cost of nitriding given parts did not exceed 


t of carburizing and hardening the corresponding parts. 
alling nitriding equip- 
a large item of the cost, 
\ile nitriding furnaces 
used for drawing and 
ire designed for alterna- 
e in carburizing, they 
mean additional equip- 
which is chargeable to 
ig. As a result, unless 
lume of work to be ni- 


tr is large, the overhead 
. The costs of heating 

r ammonia are compara- 
ti low, one company re- 
p ¢ 16¢ and 3.7¢ per 
p or nitriding 24 and 60 
he espectively, for both of 
these items.®! Quotations for 


commercial nitriding show a 
wide range, depending upon 
depth of case required, toler- 
ances, amount of work, size of 
parts, ete. 

The deciding factor in most cases will be that a nitrided 
part will do the job, whereas a carburized part will not, or 
will not do so well. 


Dimensional Changes During Nitriding 


Experience has shown that nitriding produces an increase 
in size of the hardened part. The amount of this increase 
or growth is dependent upon the depth of case or upon the 
nitriding time and temperature. 

Sergeson** reports about 0.002” growth in diameter for a 
tase of 0.025” depth. McQuaid and Ketcham* observed 
a growth of 0.001” in diameter for specimens nitrided 15 
to 20 hours, which is in general agreement with Sergeson’s 
data. 

_ Fortunately, the amount of growth in a given nitriding 
Job is a constant and can be provided for in machining be- 
fore nitriding, at least in most cases. Grossmann! has 
pointed out that when a part is tinned on one side as a means 
of protection against nitriding, the growth on the other side 
is likely to cause warpage. Nitrided rings, according to 
Walsted,** will show an increase or a decrease in the internal 
diameter, depending upon the relative strength of the case 
and the core. If the core is relatively large, then the case 





Small experimental nitriding furnace. (Battelle 
Memorial Institute. ) 
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must expand inward and therefore decreases the inside diame- 
ter. If the core is a small section, the case may expand the 
core, thus producing an increase in the inside diameter. 
Such changes may likewise cause warpage in certain compli- 
‘rated shapes. 


Protection against Nitriding 


Protection against nitriding can ke obtained by nickel 
plating and by coating with tin or lead-tin alloys. Paint- 
ing with a mixture of glycerin and tin oxide or waterglass 
and chrome ore has also been used. The preference seems 
to be for coating with tin, but care must be taken to remove 
excess tin; otherwise, it may melt and drop onto other 
parts lower in the furnace, thus causing soft spots. 


Nitriding Containers 


A variety of materials have been used in the construc- 
tion of nitriding containers. Grossmann"! is the authority 
for the statement that only two kinds of containers have been 
found satisfactory. One is a steel containing 25% Cr and 
20% Ni, and the other is an enameled container. He re- 
ports over 2700 hours’ successful use of an enameled con- 
tainer. 

Merten*’ has expressed a preference for nickel containers, 
and some furnace manufac- 
turers are using monel for con- 
tainers. Sergeson and Deal 
have reported using monel of 
of low manganese content up to 
1000 hours without the con- 
tainer showing any tendency to 
nitride.\ Sergeson and Deal‘? 
found that plain carbon steel 
and stainless iron, in longer 
service, nitride, and that the 
nitrided container catalyzes the 
dissociation of the ammonia on 
the container surface, rather 
than on the part to be hard- 
ened, which results in turning 
out a product which-is low in 
hardness. 

The nitrided surface can be 
removed by sand blasting or by 
heating to a high temperature. 

Woodson” has discussed the 
materials for nitriding con- 
tainers and mentions several alloys which are being vised ex- 
perimentally. 


Nitriding Steels 


The compositions of the principal nitriding steels are given 
in Table I. It will be noted that all of these steels contain one 
or more of the elements aluminum, chromium, molybde- 
num and vanadium. It is now considered that aluminum 
and chromium are most effective in contributing extreme 
hardness to the nitrided case, while molybdenum and vana- 
dium increase the toughness and depth of penetration. 

These nitriding steels may be divided into groups on the 
basis of the special alloying elements contained. Thus Nos. 
1, 2 and 3 represent the Al-Cr steels, No. 4 an Al-Cr-Ni 
steel, Nos. 5, 6 and 7 Al-Mo steels, and Nos. 8, 9, 10 and 
11 Al-Cr-Mo steels. 

The other steels listedin Table I are either Jess common 
or more recently developed nitriding steels. No. 12 has 
been used for exhaust valves in internal combustion engines. 
No. 13, which has a relatively high chromium content was 
studied by Fry and was intended to give greater core hard- 
ness than the usual nitriding steels. 

No. 14 is the type of tec! proposed by Kinzel. It finds 
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No. C Al Cr 

l 0.10 1.00 1.50 
2 0.40 0.80 1.60 
3 0.36 2.03 1.62 
4 0.30 1.30 1.60 
5 0.25/0.40 1.0 Jd 
8 0.25 1.0 /1.4 

7 0.26/0.31 1.0 /1.2 

8 0.10/0.20 0.60/1.2 0.80/1.3 
9 0.20/0.30 0.60/1.2 0.80/1.3 
10 0.30/0.40 * 0.60/1.2 0.80/1.3 
11 0.55/0.65 0.60/1.2 0.80/1.3 
12 0.45/0.60 0.25/1.0 7.0 /9.0 
13 0.18 3.00 
14 0.38 Nil 0.11 
15 1.50 12/14 
16 0.27 1.50 
17 0.37 1.06 1.07 
* Some manufacturers report about 0.50% Ni in these steels 


some commercial use where the extreme hardness obtain- 
able with such steels as Nos. 1 to 3 is not required, but where 
a greater toughness of the case is desirable. 

No. 15 represents a recent development in which high car- 
bon and high chromium are used with molybdenum and 
vanadium. This steel was developed especially to give 
high hardness and high strength cores, and is unusual in that 
it can be so heat treated that secondary hardness is developed 
in the core during the nitriding process. 

Steel No. 16 represents a steel used by Kinzel*? in some 
of his recent researches and is of only slightly higher chromium 
and vanadium content than the series recently proposed by 
the Vanadium Corporation of America.** 

Steel No. 17 is essentially the same as No. 10, except that 
it has a high sulphur content, the sulphur being introduced 
as a means of producing a free machining nitriding steel. 

Steels Nos. 1, 2 and 3 represent the earliest develop- 
ments in this country, and they have been largely replaced 
by steels of the type represented by Nos. 8, 9 and 10, the 
molybdenum having been introduced as a means of obtain- 
ing greater toughness of the nitrided case and greater depth 
of penetration. Some of these steels originally contained 
relatively high chromium—about 2%—but the chromium 
content has now generally been reduced, in order to give 
better machinability. 

Steel No. 4 has probably been entirely discarded by this 
time, due to the fact that it was subject to temper brittle- 
ness. 

Steels of the type represented by 5 and 6 are generally 
considered to give somewhat lower hardness than the alumi- 
num-chromium steels but to give rather greater depth of 
penetration and tougher cases. Merten** and others have 
expressed a preference for steels of this type for the produc- 
tion of large-sized ingots, which are necessary in the produc- 
tion of large nitrided parts, such as Diesel engine crank- 
shafts. Such steels are reported to give sounder ingots 
which are freer from segregation and, therefore, lend them- 
selves better to the production of large parts by forging 
operations. 

Steel No. 7 does not seem to have been used in commercial 
nitriding in this country, although it was used by Herbert 
in some of his research work, and may be used commercially 
in England. 

Steels Nos. 8, 9 and 10 are extensively used for nitrid- 
ing purposes at the present time. 

Steel No. 11 is similar to those just mentioned, except that 
it has a higher carbon content and was developed especially 
for those services requiring a core of higher strength and 
greater hardness. The special qualities of the other steels 
have already been discussed. 


Preparation for Nitriding 


It is now quite generally recognized that steels should 
be heat treated in rather definite ways previous to nitriding. 
The writer’s original purpose (1927) in introducing heat treat- 
ment previous to nitriding was to produce a core of the best 
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Table I.—Compositions of Principal Nitriding Steels 
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Mo Ni Bibliography Reference 
Homerberg and Zavarine?”* 

at Homerberg and Zavarine*™ 

0.10 J. D. McAdam, Jr.* 

1.40 Homerberg and Zavarine*‘ 
0.80/1.0 gibt Merten®; McQuaid and Ketcham? 
0.60/1.0 Colonial Steel Company? 
0.15/0.25 Herbert 
0.15/0.25 * Sergeson and Clark“ 
0.15/0.25 * Sergeson and Clark“ 
0.15/0.25 * Sergeson and Clark*6 
0.15/0.25 Sergeson and Clark“ 
0.40/1.0 (Si 1.0/2.0) Colweil? 

0.40 ie Fry? 
Nil (0.48% V) Kinzel, 5! 
1.0 (1.0% V) 1 

(0.50% V) Kinzel2? 
0.19 (0.15% 8) Sergeson* 


possible physical properties, which was still machinable. 
Such a treatment obviously involved heating to a sufficiently 
high temperature to refine the grain size, making the stee! 
homogeneous, followed by quenching and drawing to suitable 
temperature to produce satisfactory machinability. Experi- 
ments showed that such heat-treated samples also produced 
more satisfactory cases both as regards to hardness and 
depth of penetration. It has now become general practice 
to heat the steels first to a relatively high temperature, the 
exact temperature depending upon the composition, followed 
by quenching or air cooling, after which the steels are drawn 
to a temperature at least as high as the maximum tempera- 
ture to be used in the nitriding. 

In addition to the advantages previously mentioned, such 
a heat treatment leaves the steel essentially free from strain 
and, therefore, minimizes, or eliminates warpage during the 
nitriding treatment or in service after nitriding. 

In addition to the proper heat treatment previous to ni- 
triding, another precaution has been found absolutely neces- 
sary—that is, the removal of decarburized material previous 
to nitriding. It is now customary to use stock from which 
sufficient material will be machined to completely remove 
all decarburized surfaces. Unfortunately, the nitriding steels 
seem to be subject to decarburization in heat-treating opera- 
tions. Jominy®® has studied the decarburization of nitrid- 
ing steels (No. 10, Table I) in comparison with plain car- 
bon, 8. A. E. 3250, 9260, 5150, 52100, 6115, 4615 and 3115, 
in commercial furnace atmospheres, and found that the 
nitriding steel decarburized at a faster rate than any of the 
other steels. 

The ease with which the nitriding steels are decarburized 
gives an added reason why great precaution should be used 
in removing the decarburized surface before nitriding. In 
order to have the finished parts as free from strain as pos- 
sible, the kest practice is to rough machine and redraw at a 
temperature equal to or slightly greater than the nitriding 
temperature, in order to remove machining strains, and then 
finish-machine or grind. 


Selection of a Nitriding Steel 


.In the selection of a nitriding steel for any given service 
the same principles are involved as in the selection of any 
other type of steel. 

First, if the exact service requirements are accurately 
known, and if the properties of the different materials which 
are available are well known, a comparatively simple engi- 
neering problem is involved in selecting the best material, 
giving due consideration to costs of raw materials, fabrica- 
tion, availability of supply and other pertinent factors. 

The second method involves the use of experience with 
service performance or laboratory tests. If a material has 
been either a success or a failure in a particular service of 
type of service, good engineering guesses can be made and 
the material selected or rejected with considerable assurance. 
In the development and use of nitrided materials the engineet 
has been handicapped by lack of complete information Te 
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Table II.—Physical Properties of Nitriding Steels Containing Molybdenum 


; (Quenched and Drawn as Indicated) 
Strength in 


Steel Drawn 1000 lbs./in.? Elong. R. A. Hardness Impact ft.-lbs. Bibliograph 
No. “2. Tensile Yield %/2" % Brinell Charpy Izod Sefareaas’ 
1 1000 77 48 30 69 170 62 ie 24 
1 1200 69 50 35 75 150 72 bas 24 
2 1000 191 172 13 40 390 12 ae 24 
2 1200 148 126 18 54 320 34 en 24 
3 1200 148 108 18 54 ito hon 30 
4 1000 168 150 14 45 365 14 con 24 
4 1200 132 112 20 57 285 31 dus 24 
5 1000 161 137 18 60 340 29 <a 32 
6 1000 120 100 20 67 260 re ee 2 
6 1200 105 85 24 73 225 sy aye 2 
7 930 157 134 15 ws 410 (34) 21 
7 1150 108 92 30 hi 260 (62) 21 
8 1000 111 96 20 68 #241 ~ 86 46 
s 1200 95 75 24 73 202 o% 110 46 
9 1000 146 131 14 53 330 20 40 46 
9 1200 122 105 18 65 255 25 75 46 
10 1000 182 165 12 44 351 17 34 46 
10 1200 139 121 20 58 270 30 70 46 
11 1000 206 183 11 36 450 18 46 
11 1200 159 137 16 49 330 oi 40 46 

12 & 13 Data not available 

14 

15 Data not available 

16 Data not available 

17 Properties compare favorably with No. 10 45 


varding the properties of nitrided parts, so that considerable 
difficulty was involved in using the first method, and because 
the newness of this type of material, service tests were 
available which covered a period of time comparable 
atisfactory life performance. He has, therefore, been 
d to work with insufficient data regarding physical 
rties and to use the results of accelerated laboratory 
instead of service tests. Fortunately, at the present 
much better data are available regarding the proper- 
nitrided products, including both core and the case, 
the results of comparatively long time service tests are 
coming available. 
is in the selection of a nitriding steel and in the subse- 
quent nitriding operation, consideration must be given to 
the possible preperties of both core and case, as well as the 
requirements of the particular service under consideration. 
[t then becomes important to know what properties can be 
developed in the cores and cases of the different nitriding 


secondary hardness is due to a transformation from an aus- 
tenitic structure to a troostitic or to a troosto-martensitic 
structure, a change which involves a gamma to an alpha 
lattice transformation accompanied by an increase in vol- 
ume, the development of strains and even warpage in com- 
plicated sections may be expected along with the secondary 
hardness. What part such factors will play in affecting the 
hard nitrided case has not been reported. 

The physical properties classify the nitriding steels into 
groups, one extreme of which is represented by Nos. 1 and 
8, which are of low carbon content, and adapt themselves 
to cold forming on account of their low strength, and are to 
be recommended for those parts which require a high surface 
hardness in which high core hardness and strength are not 
essential. The other extreme of the group would be repre- 
sented by such steels as Nos. 2, 11, 12 and 15. These steels 
should be selected when high core hardness and strength 
are required. No. 15 is especially recommended for those 
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st how these properties may be changed by the nitrid- services in which the nitrided case must be backed up by a | 
ing treatment, and by service at somewhat elevated tem- hard core, in order to prevent “sinking” in services in which } 
peratures, the part is subjected to extreme loads. h 
, The data given in Table II should serve as a guide in the i 
, | Properties of Heat Treated Nitriding Steels selection of the nitriding steel possessing certain desired core i 
Since, for most nitrided parts, the core constitutes the properties. Of course, case properties have to be considered, { 
i greater part of the cross-section, the properties which can be and these hed ill be discussed later. H 
obtained by heat treating these steels are of major impor- In addition to the properties of the steels as heat treated, i 
i tance. The hard nitrided case contributes comparatively consideration must be given to the effect of the long heating t 
little to the tensile strength, although, as will be shown later, at the nitriding temperature on the core properties. This } 
1 it may have an important influence in increasing the en- has been particularly important in the case of certain steels 
y durance fnlk which tend to develop temper brittleness of the core in the 
n Table II shows the properties of the steels listed in Table nitriding operation. 
I, insofar as data are available. It will be observed that eee ; 
with a drawing temperature of 1000° F. tensile strengths Effect of Nitriding Temperatures on the Core Properties 
ranging from 77,000 for No. 1 to 206,000 for No. 11 are The fact that the nitriding treatment requires prolonged 
: available. Corresponding Brinell hardnesses are 170 and heating at about 1000° F. followed by relatively slow cooling 
y 450. When these steels are drawn at 1200° F., the tensile imposes a condition which is known to cause temper-brittle- 
strength of No. 1 is 69,000, and No. 11 is 159,000, the corre- ness in certain steels. Guillet’? has investigated the effect 
y sponding Brinell hardnesses being 150 and 330. of nitriding 90 hours at 500° C. (932° F.) on the Charpy 
h While data are not available for steels Nos. 12 and 13, impact properties of the core of nitrided specimens. He 
ry the composition would indicate that both of these steels are studied Al-Cr, Al-Cr-Ni and Al-Cr-Mo with only 0.50 to 
‘ capable of producing rather high strengths and hardnesses. 0.62% Ni. For the 0.26/0.41% C, 0.80/0.94% Al and 
This is especially t f No. 12. Complete data are not 1.23/1.49% Cr steels the Charpy impact was decreased from 
pecially true o p : 7 ‘ 
available for steel No. 15, but according to the manufacturer, 18.0 to 8.9. For the 0.13/0.26% C, 0.93/1.11% Al, 1.73/ 
th this steel is capable of being heat treated, so that the core 1.98% Cr and 1.71/1.82% Ni steels the Charpy impact 
hardness after nitriding at 975° F. will range from 450 to was decreased from 20.7 to 3.5, or over 80%. On the other 
- 550. Especially high hardness in the core of this steel is hand, steels containing 0.30/0.41% C, 1.23/1.75% Al, 1.99/ 
‘i developed by a previous heat treatment at a high tempera- 2.10% Cr, 0.32/0.35% Mo, with only 0.50/0.62% Ni showed 
ture followed by nitriding at about 1000° F., which develops practically no loss in impact toughness, the figures being 
- high secondary hardness. Incidentally, the effect of volume 14.1 as compared to 13.8. ; 
wii changes in this steel during the transformation, which de- Likewise, Homerberg and Walsted®* found that holding 


Velops secondary hardness, needs attention. Since the 


at the nitriding temperature reduced the impact resistance 
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of Cr-Al, and especially Cr-Al-Ni steels but had no effect 
on a Cr-Al-Mo steel. Nitriding standard size Charpy test 
bars reduced the impact resistance, due to the formation of 
the hard case. 

Daubois® found that Al-Cr-Ni nitriding steels might have 
their impact resistance reduced from 18 to 3 kgm. by heat- 
ing 40 to 90 hours at 500° C., while with an addition of 0.3%, 
molybdenum the impact was reduced only from 18 to 12 kgm. 

Hengstenberg and Mailinder'* have studied the effect 
of heat treating a series of five nitriding steels and then sub- 
jecting them to 48 hours’ heating at 500° C. This prolonged 
heating corresponds to the heating time in the nitriding 
operation. They found that the physical properties were 
not materially changed for the steels investigated. Their 
nickel-containing steel (2.65% Ni) showed a slight increase 
in strength, and an increase in the yield point of about 16%, 
and both the elongation and the reduction of area decreased. 
The impact values are not reported, but the data for strength 
and toughness would suggest that the impact properties 
might be decreased. 

It, therefore, seems that, providing the drawing tempera- 
ture previous to nitriding is at least as high as the nitriding 
temperature, there is comparatively little change in the 
physical properties of the core in the nitriding treatment. 
An exception must be made in the case of the nickel-con- 
taining steels (over about 0.50% Ni) which develop temper 
brittleness, and in the instance of steel No. 15, when nitrided 
after quenching from a high temperature which develops 
secondary hardness during the nitriding treatment. 


Properties of Nitriding Steels at Elevated Temperatures 


The Colonial Steel Company? has recently published the 
results of tensile tests at elevated temperatures on a nitrid- 
ing steel of the type represented by No. 5 in Table I (0.25 
C, 0.80 Mo, 1.20 Al). The steel was quenched in oil from 

725° F., drawn at 1200° F., and then tested at the tempera- 
tures shown below: 


Strength in 
1000 Ibs./in.? Elongation 
Temperature Tensile Yield %/2" of Area % 
900° F 111 79 24.5 68.0 
1050° F 95 71 23.5 84.0 
1200° F. 73 61 26.0 87.0 


Reduction 


Because of the fact that nitrided steels are frequently 
used at elevated temperatures, complete data should be ob- 
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Large nitriding fur- 
nace for parts up to 22 


feetinlength. (Cour- 
tesy, Electric Furnace 
Company.) 





Vol. 2, No. 3 


tained for the high temperature, properties of all the ni- 
triding steels, and such data should be made available to both 
the engineer and the metallurgist. This would seem to be 
a job for the manufacturers of these special steels. 


Properties of Nitrided Cases 


The properties of nitrided cases depend upon the kind of 
steel, the nitriding temperature, time, rate of ammonia flow, 
percent of ammonia dissociated, etc. Harder, Gow and 
Willey'® have reported the hardnesses at-different case depths 
for a series of 19 alloy steels nitrided at 1000° F. for 90 hours, 
The hardnesses, unfortunately, are reported in the scleroscope 
scale. This work indicated that the usual automotive steels 
were not hardened sufficiently by nitriding to make them 
interesting. The same authors have reported the hardness- 
depth curves for a Cr-Al nitriding steel and a Cr-V steel 
(S. A. E. 6135), which were nitrided at 875°, 975°, 1075° 
and 1175° F. with different percentages of ammonia dissocia- 
tion. Fry® has reported hardness-depth curves for ag 0.22 
C, 1.5 Cr, 0.4 Mo, 0.35 V and for an 0.18 C, 3.0 Cr, 0.4 Mo 














steels. “Similar curves for Al-Cr-Mo steels have been re- 
ported by Sergeson,** McQuaid and Ketcham,**** Cowan,‘ 
Hengstenberg and Mailinder'* and others. Similar curves 
for Al-Mo steels have been published by Hengstenberg and 
Mailander,'® and by McQuaid and Ketcham.** Only a few 
typical hardness-depth curves will be reproduced and dis- 
cussed here. 


Hardness of Nitrided Steels 


Curves I and II in Fig. 1 from Sergeson’s** researches show 
the hardness-depth curves for an Al-Cr-Mo nitriding steel 
No. 10, Table I) nitrided 90 hours at 975° F. and a Ni-Mo 
carburizing steel (S. A. E. 4615), which was carburized 8 
hours at 1650° F., hardened by a double quench, and tem- 
pered at 300° F., respectively. It will be noted that the 
nitrided ease has a surface hardness of about 1100 Brinell, 
while the carburized, hardened and tempered steel has a 
maximum hardness of only about 850. Thus the nitrided 
case has a higher order of hardness at the surface and main- 
tains this advantage to a sufficient depth still to present a 
hard wear-resistant case, even after some wear. 
rgeson** determined the effect of heating to different 
temperatures on the room temperature hardness of these two 
cas He found that the nitrided case retained full hard- 
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steels, which show only the face-centered cubic lattice of 
alpha iron, thus indicating that a high nitrogen content is 
not essential to high hardness. The original nitrided surface 
was found to show those crystal structures or phases which 
have been shown by Higg'® to have high nitrogen contents, 
such as Fe;N and possibly Fe,.N. Since the high nitrogen- 
containing constituents have been found to have rather 
good resistance to corrosion, but to show a tendency toward 
brittleness, it is immediately suggested that nitrided parts 
which are to resist corrosion, but which are not required to 
be tough, should be nitrided in such a way that a surface 
layer high in nitrogen is produced, and none of this surface 
should be removed. 

It is known that short-time nitriding is being used as a 
means of producing a thin, hard, corrosion-resistant surface, 
and further developments along this line may be expected. 
It is entirely possible that cheaper steels can be used for such 
purposes. 

On the other hand, it is suggested that those nitrided 
surfaces which are to be hard and tough should not contain 
the higher nitrogen-containing constituents. The selection 
or development of steels and nitriding processes which lend 
themselves to the production of such cases offer attractive 
subjects for further study. 
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ness up to 1000° F., at which temperature the hardness of 
the carburized case had fallen to about 400. Thus, the ni- 
trided case is shown to be far superior to the carburized case 
in retaining its hardness at elevated temperatures. 

Curve III of Fig. 1 shows the hardness-depth curve for 
steel No. 13 in Table I, as reported by Fry.® It will be noted 
that this steel contains 3.0% Cr and 0.4% Mo, which is 
higher than usual for nitriding steels. The same author 
reported a maximum hardness of only 850 Brinell for a ni- 
trided 0.22% C, 1.5% Cr, 0.40% Mo and 0.33% V steel. 

The depth-hardness curves for an Al-Mo steel (No. 5, in 
Table I) nitrided at 950° F. for different times are shown in 
Fig. 2.2 Curve I represents 20 hours, and Curve II repre- 
sents 60 hours. In this case the longer time has resulted 
in a greater hardness and a greater depth of case. 

The depth-hardness curves for the different nitriding steels, 
showing the effects of nitriding temperature, time of nitrid- 
ing, etc., are available in many publications and are generally 
supplied by the steel manufacturers. 

A study of the correlation of the crystal structure and the 
hardness of nitrided cases has been reported by Harder and 
Todd.’* While such an investigation is of more interest to 
the metallurgist than to the engineer, it is important in show- 
ing that full hardness may be obtained in cases of nitriding 


It seems unlikely that maximum toughness and maxi- 
mum corrosion resistance can be had with a given steel and 
treatment. 


Hot-Hardness of Nitrided Cases 


Herbert'® seems to be the only investigator who has de- 
termined the hardness of nitrided cases at elevated tempera- 
tures. His curves are reproduced in Fig. 3. Curve I is for 
1.25% C. steel; curve II is for a high-speed steel; and curve 
III is for the nitrided case of steel No. 7 in Table I. The 
curve of the hardness of the nitrided case shows two maxima— 
one at about 225° C. (400° F.), and another at about 400° 
C. (750° F.). 

It is not necessary for our present purposes to speculate 
upon whether or not these wiggles in the curve are representa- 
tive of other nitrided cases, or upon their cause. On the 
whole, it is plain that the hot-hardness does not drop notably 
below 400° C. (750° F.). 

Above that temperature it does fall, but it is still harder 
than the high-speed steel at 500° C. (930° F.). The hard- 
ness at about 610° C. (1130° F.) was 600 Brinell, but after 
cooling to room temperature the hardness was about 900. 

These data indicate that nitrided cases may be expected 
to retain their full hardness up to 400° C. (750° F.). 
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Effect of Elev>ted Temperatures on Room Temperature 


Hardness of Nitrided Cases 


Numerous tests have been made in which nitrided samples 
have been reheated to various elevated temperatures and 
then tested for hardness at ordinary temperatures. Claims 
for no lowering of hardness after heating to 1400° F. do not 
seem to be justified. The writer, however, has a private 
communication which shows that nitrided samples of steel 
No. 10, Table I, have been heated 200 hours at 450° C. 
(840° F.) without any loss in hardness. Table III, which 
follows, shows the effect of reheating samples of nitrided 
steels on “the hardness.*' It is of interest to note that the 
sample of lowest initial hardness showed the lowest percent 
decrease in hardness at all temperatures from 1100° to 1600° 
F. The low original hardness and greater stability on heat- 
ing suggest that this same may have been nitrided at 
higher temperature. It also had a slightly higher Cr con- 
tent (1.82%). 


Table III.—Effect of Reheating on Hardness of Nitriding Cases 
Hardness in Percent of Hardness as Nitrided 


Reheating Temperature Sample Sample Sample 

7 No. 1 No. 2 No. 3 Average 

1100 : i 89 93 91 

1200 81 82 85 83 

1300 71 63 77 70 

1400 57 54 70 60 

1500 51 45 62 53 

1600 34 ; 54 44 
Hardness as Nitrided 1100 990 880 Vickers-Brinell 
Reheating Time, Hours 1 1 5 
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(Top left) Nitrided Cams used in Coal Breakers. 
(Bottom) Three Tons of Nitrided Gears. 


(Top right) Nitrided Coil Springs 
(Courtesy, J. H. Higgins, 


Tensile Properties of Nitrided Steels 


Since, as previously pointed out, the nitrided case consti- 
tutes only a minor portion of the cross-section of the tensile 
test specimen, it has little effect on the tensile strength. 
Homerberg and Walsted*? have reported the results of an 
investigation in which specimens of steel No. 10 in Table I 
were drawn at various temperatures and then nitrided 90 
hours at 900° F. Their results show that with low drawing 
temperatures there may be a loss in both the maximum 
strength and the yield point as a result of the nitriding treat- 
ment. When the specimens were drawn at 1100° to 1300° 
F. there was little or no change in the strength. The tough- 
ness properties, elongation, reduction of area and impact 
were markedly lowered in all instances by the nitriding. 

Similar results were obtained by Hengstenberg and Mailiin- 
der,'® who studied a series of five nitriding steels. Theit 
specimens were heat treated and then nitrided 48 hours at 
930° F. Some of their steels were rendered rather brittle 
by the nitriding treatment, as shown by the fact that the 
elongation and reduction of area dropped to very low values 
or were not determinable. Further details and discussiod 
of these tests have been reported elsewhere." 

Mochel*! has determined the tensile properties of a mF 
trided steel (type 10 in Table I) at elevated temperatures. 
He found that the tensile strength, modulus of elasticity, 
proportional limit, and yield point all decreased with im 
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creasing temperature of testing. Tests were made up to 
1050° F. The elongation and reduction of area increased 
with increasing temperature, except that minima in these 
values were found in the region of 500° F. Duplicate tests 
showed rather wide scattering of values. 

A similar study has been reported by Homerberg and 
Walsted”?, in which they tested nitrided specimens of steel 
No. 10 at temperatures from 800° to 1400° F. Their speci- 
mens were quenched from 1650° F., drawn at 1000° F. and 
then nitrided 90 hours at 900° F. The strength fell off rapidly 
above 1000° F. and was only 20,000 lbs./in.? at 1500° F. 
The elongation and reduction both increased to 1000° F., 
above which they were indefinite. 

Some of the steels listed in Table I may be expected to 
show somewhat higher strengths at elevated temperatures 
than No. 10. Furthermore, it is entirely possible that some 
of the steels which are known to have good strengths at ele- 
vated temperatures can be hardened by nitriding. For ex- 
ample, some valve steels and some high speed steels respond 
to the nitriding treatment. 


Endurance Properties 


ler," Mochel,*! Sergeson and Clark,‘* and Hengsten- 
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tures, even up to 800° or 1000° F., because the hardness 
and strength values are maintained to these temperatures, 
and because the endurance properties of steels are generally 
maintained up to temperatures at which the strength and 
hardness begin to fall off. 

A word of caution should be added regarding the probable 
endurance in axial loading, in which the higher strength of 
the case may not be as beneficial as in rotary bending. 

It should also be remembered that in practical service, 
where repeated stress may be accompanied by repeated im- 
pact, the results of the usual laboratory endurance test cannot 
always be taken as a sufficient criterion for service life. 
Since notched bar impact strength is reduced by nitriding 
and actual life in rough service is usually a sort of balance 
between laboratory endurance limit and notched bar impact 
strength, it might be a bit optimistic to quote the high figures 
without a word of caution. 


Creep Tests on Nitrided Steel 


Malcolm* has reported the results of a long duration test 
on a nitrided chromium-aluminum steel which was tested 
at 1000° F. under a load of 10,180 lbs./in.? The extension 
in the first 4000 hours amounted to 0.002 in. per inch, and 


























} ila 18 7 i S18 ’ = . . °,° a 
berg and Mailinder have all found high resistance to “ there was no further extension during an additional 5000 
pt stress in rotary bending endurance tests on nitrided hours 
st The nitriding steels, without nitriding, showed the j fae aw ies 
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du e limit was about half the ten- Malcolm** has reported on the 
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Mail..nder'® also determined that a — --—44 tively little wear. 
sligl! imperfection or surface damage + Guillet'? has studied the wear re- 
on led specimens was not par- } }__| sistance of nitrided steel and cast 
ticularly harmful and, therefore, did | | | iron automobile cylinders after 18,630 
not lower the endurance limit as in Lo SS ert miles’ travel, finding 0.016 inch wear 
the case of ordinary heat-treated steel DEPTH ~ INCHES on cast iron and 0.0008 inch on the 
specimens Fig. 4. Showing the hardness- nitrided cylinders. On aviation 


One of their specimens (0.15% C, depth curves 
0.85% Cr, 0.41% Mo) showed a par- 
ticularly marked increase in endur- 
ance limit due to nitriding, the en- 
durance limit being raised approximately 30%. In this speci- 
men the maximum hardness of the case was only about 700 
Brinell, but the case showed a greater depth than the other 
steels. The increased depth of case apparently was respon- 
sible for the higher endurance limit. 

McAdam”* included steel No. 3 in Table I in his researches 
on the influence of stress on corrosion. The properties of 
this steel as heat treated are given in Table II. The speci- 
mens used by McAdam ‘were quenched in oil from 1750° F. 
and reheated 230 minutes at 1200° F. Specimens were 
ground and polished before nitriding, so that the original sur- 
lace was not disturbed after nitriding. 

Under the particular conditions used in his tests, the ni- 
trided steel was found to be superior to stainless steel in re- 
sistance to fatigue corrosion. He found the nitrided steel 
superior in resistance to corrosion fatigue in carbonate or 
salt water to any other alloys investigated; these included 
Cr-Ni steel, Cr-V steel, stainless iron, Ni, Al-bronze, Cu- 
Ni-Si alloy and Muntz metal. 

_A few data from Fuller’ and the other available informa- 
ion indicate that the endurance limit of nitrided steels may 
be expected to maintain its high value at elevated tempera- 


drogen.‘ 





for nitrided steel 
before andfafter heating in hy- 


motors he found that heat treated 
steel cylinders wore 0.003 to 0.004, 
while the wear on nitrided cylinders 
was not measurable. 

Homerberg and Walsted®* have reported wear tests, in 
which nitrided steel was tested without lubricant against 
nitrided steel, a special bronze and cast iron. Nitrided 
steel exhibited excellent wear properties, even without lubri- 
cation. Nitrided steel against nitrided steel was carried to 
over 800,000 revolutions in tests at 1000° F., and showed 
promising possibilities. 


Stability of Nitrided Cases 


In the previous discussion, it has been shown that nitrided 
cases have been found to stand long periods of heating (200 
hours) at a temperature of 450° C, (930° F.) with no loss in 
hardness. Also that such cases will stand heating, at least 
for short periods of time, to 1000° to 1100° F. with little or 
no loss in hardness. Cowan‘ has studied the effect of heat- 
ing a nitrided steel (No. 9, Table 1) for 36 hours at 1150° 
F. in an atmosphere of hydrogen. Fig. 4 shows the hard- 


ness-depth curve for this steel as nitrided in curve I, and 
after heating in hydrogen in curve II. There has been a 
loss in hardness, but the loss is of the order shown in Table 
TIT, and Cowan concludes that molecular hydrogen has no 
action on the nitrided case. 













































through which celluloid is pressed. 


Fig. 4 also shows that there has been a penetration of the 
case, due to the long heating at 1150° F. 

Merten*® proposes to soften nitrided cases by a chemical 
decomposition of the nitrides, heating the part to be ‘‘deni- 
trided” in a sodium and potassium chloride bath at 1450° 
to 1500° F. and cooling slowly. Sergeson and Deal,*’ how- 
ever, have shown that the softening of the nitrided case is 
due essentially to the effects of temperature and time of 
heating. Merten claimed that ‘“‘denitrided”’ cases could be 
renitrided with satisfactory results, while Sergeson and Deal! 
found that it was necessary completely to remove the pre- 
vious case before satisfactory results could be obtained by 
renitriding. 

Sergeson and Deal‘? also found that there was migration 
or penetration of the nitrided case on heating to elevated 
temperatures, such as 1600° to 1800° F. It seems quite well 
established that nitrided cases can be softened by heating 
at sufficiently high temperatures, beginning at 1000° to 1200° 
F., and that the softening takes place by a scaling action at 
the surface and a migration of the case into the core. The 
scaling is undoubtedly influenced by the surrounding atmos- 
phere, but molecular hydrogen is not particularly harmful 
at 1150° F. 


Corrosion Resistance of Nitrided Steels 


Malcolm* has reported that nitrided steel resists oxida- 
tion and corrosion under the action of superheated steam. 
Sergeson and Deal‘? have studied the corrosion resistance 
of a nitrided steel (No. 10, Table I), using samples which had 
been nitrided 90 hours at 975° F. (525° C.). The various 
corroding media studied ‘and the different conditions em- 
ployed are given in Table IV. 


Table IV.—cCorrosion Tests Reported by Sergeson and Deal‘’ 
Corroding Medium Conditions of Test 


20% Sulphuric Acid Cold and 150° F. 
20% Hydrochloric Acid Cold and 150° F. 
Crude Oil Cold and 150° F. 
5% Sodium Hydroxide Cold and 150° F. 
20% Sodium Chloride Still and aerated 
20% Salt Spray 

3% “Bodiam Chloride 
3% Calcium Chloride 
Ethyl Gasoline 


Alternately wet and dry 
Still and aerated 


METALS & ALLOYS 


(Top left) Nitrided Disks which are used in large numbers. 
(Bottom) Nitrided Corrugated Paper Mill Rolls. 
(Courtesy, J. H. Higgins, Camden Forge Company.) 
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(Top right) Nitrided Dies 





As a result of their tests Sergeson and Deal drew the fol!ow- 
ing conclusions: 
1. Nitrided steel is not adapted for use in mineral acids, 
such as sulphuric and hydrochloric. 
It is extremely resistant to alkali, atmosphere, crude 
oil, ethyl gasoline, natural gas combustion products, 
tap water and still salt water. 
3. It is slightly attacked in aerated salt water and under 
alternate wetting with salt water and drying. 
4. There seems to be no action between it and brass in 
contact, either still or moving, immersed in hard water. 


bo 


Homerberg and Walsted*®? have reported that specimens 
nitrided 90 hours withstood the action of salt spray over 
100 hours. It seems to be a general opinion that the original 
nitrided surface offers better resistance to corrosion than 
ground or even polished surfaces. The nitriding treatment 
is being applied to plain carbon steel in certain uses as 4 
means of preventing corrosion. 


Welded Nitriding Steels 


Fry? at the Nitriding Symposium in 1929 mentioned among 
the unsolved problems: “Obtaining welds in which the 
weld junction will be perfectly hard after nitriding.” Ap 
parently®! this problem has now been solved in the develop- 
ment of large cylinder bushings for locomotives which are 
made by forming the bushing from plates and then welding 
in the atomic hydrogen are. 


Soldering onto Nitriding Surfaces 


It has been found that by employing the usual precautions, 
attachments to nitrided cases can be made by soldering with 
soft solder.*! 


Uses of Nitriding Steels 


The use of nitrided materials in general is dependent upon 
a high degree of hardness and resistance to wear, abrasion, 
erosion; to some extent upon resistance to corrosion; 
possibly to a high endurance limit when subjected to repeated 
bending stresses under the previously mentioned seryite 
conditions. 
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Many uses of nitrided parts have been published by Alden,! 
Freeland,’ Homerberg*' and Sergeson and Clark,** and by 
trade publications. More specialized uses have been reported 
by French and Herschmann,*® Helquist,'? Malcolm** and 
Roshong.*” 

The following are some of the automobile parts which have 
been made of nitrided steels: cam followers, cams, cam shafts, 
crank shafts, piston pins, pump shafts, push rods, seats 
for valves, steering worms, taper gears, tappets, timing gears, 
valves, valve push rod rollers, valve stem guides. Accord- 
ing to Freeland,’ nitrided cylinder liners have been used in 
the Hispafio-Suiza, which showed unusually low wear in 
service, and nitrided bevel and transmission gears are used 
in some of the best cars in France and Germany. 

Of the above uses the exhaust valve presents a severe high 
temperature requirement. It is now generally agreed that 
the usual nitrided steels are attacked when used as valves 
with gasoline containing tetra ethyl lead, but they are re- 
ported to work well with “straight run aviation gas.” Col- 
well’ discusses the use of No. 10 in Table I for intake valves 
aid steel No. 12 for exhaust valves. These valves were used 
in an endurance flight of 647 hours at an average speed of 
1400 r. p. m. After the run the valves, stems and seats 
were bright and clean. It was estimated that during the 
run the valves opened and closed more than 27 million 


, the exhaust valve temperature ranging well over 
F, 

us in the absence of lead tetra ethyl and its combus- 
tion products, it seems that nitrided steel gives satisfactory 
\ performance. For extremely high temperatures special 


ni.'iding steels should be used in order to provide greater 
hic’. temperature strength. 

‘hel*® has reported the absence of seizing in the use of 
ed steels for valve guide and valve bonnet bushings, 
wi 2. have to operate under high temperature conditions 
witout lubrication. His tests were made at 750° F. He 
foi: | that nitrided steel operated well against itself and against 


nicx°| bronze, chromium plating, monel metal and stain- 
less iron, 

‘ien' has reported endurance tests on standard and_ni- 
tri.od crank shafts, in which the center bearing was 0.040 
in ut of line with the end bearings. The standard shafts 
failed after 75 hours,—the nitrided shafts in about 1500 
hor These tests indicate the durability of nitrided crank 
sha‘is in severe service. Likewise, the success of the ni- 


trided cam shaft seems to be established. 

\s regards gears, there seems to be no difficulty with mesh 
gears but some question about clash gears, although such 
gears are in use. The introduction of nitriding steel of 
greater core strength may solve the probiem with clash gears 
where greater tooth strength is required. 

In airplane motors the uses are similar to those in the 
automobile. Reduction gears nitrided 80 hours at 1000° F. 
to give a case hardness of 950 to 1000 and a case depth of 
about 0.030 inch are reported®! to be giving satisfactory 
service against carburized steel at about 300° F. Piston 
pins and cam followers nitrided 25 hours at 1000° F. are re- 
ported to be giving good service. 

Alden! has reported the use of nitrided alloy steel in Diesel 
engines and listed the following parts: fuel-valve tappets 
and guides, pump plungers and cylinders, fuel-pump regu- 
lators, by-pass-valves and guides, valve stems, valves and 
seats, piston pins,* piston rods, gears, fuel injection nozzles, 
crank shafts, cylinder liners, fuel-nozzle spray tips, fuel- 
nozzle check valves and cams. The same author reports a 
nitrided Diesel engine piston rod 14 ft. long, 6'/, in. in diame- 
ter, and weighing about 1400 lbs., which warped only 0.020 
mm. in nitriding. 

The use of nitrided steels for the trim on valves subjected 
atta eee have been received that nitrided automobile piston pins are 


by the products of combustion of tetra ethyl lead, while others 
report no attack after one to two years. 
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to high temperature and high steam pressure service has 
been reported by Malcolm* and others.*! Malcolm found 
that a nitrided steel possessed properties of extreme hard- 
ness, wear and abrasion resistance, chemical stability under 
superheated steam, combined with a tough core having high 
impact value and tensile strength, together with a coefficient 
of expansion similar to ordinary steels. His long-time load- 
ing tests and abrasion tests have been mentioned. By prac- 
tical tests he found nitrided valve trim superior to either 
Monel or stainless steel. As an illustration, an overload 
valve in a large steam station was trimmed with hardened 
stainless steel, which failed in ten days and was replaced by 
nitrided steel, which after a year was functioning satisfac- 
torily. 

Nitrided gate valves were used on the 1400-pound steam 
pressure stations. Valve installations of nitrided steel were 
found satisfactory at operating temperatures of 930° to 
1000° F., 

Malcolm* also reported the replacement of the seats and 
disks in valves in the oil refining industry with nitrided steel 
which had been in service for a year without failure, whereas 
other materials had failed in about two weeks. 

A manufacturer®! reports that nitrided seat rings and disk 
rings in a line of cast steel valves for 400, 600, 900 and 1350 
lbs. working pressure are proving quite satisfactory. A 
pressure of 1350 lbs. corresponds to a temperature of about 
585° F. 

Nitrided plungers for pumps in the petroleum industry 
are reported®! to be working satisfactorily with ‘“‘sweet”’ oil 
at 750° F. and 900 lbs./in.* pressure. The nitrided plunger 
is said to resist the scoring and abrasive action of the pack- 
ing better than any material tried so far. The nitrided 
plunger is not satisfactory in contact with “sour’’ oil. 

Nitrided sleeves on boiler-feed pump shafts operating at 
400° and 1700 lbs./in.? pressure are reported®' to be giving 
good service. In this case the nitrided sleeve is required to 
resist erosion due to steam leakage. 

Roshong*® *' found that a core which had been nitrided 
50 hours and used in a die casting machine in which an Al-Si 
alloy at 1150° F. was shot into the die was “file hard”’ after 
about two years and after producing over 125,000 castings. 
Helquist'? has also reported that nitrided steel dies are use- 
ful in the production of aluminum die castings. 

Higgins®® has reported on nitriding large forgings which 
included plain and corrugated paper rolls from 8 to 12 inches 
in diameter and 108 to 144 inches in length, locomotive piston 
rods, engraving rolls weighing 600 to 1000 lbs., Diesel engine 
piston rods, and others. To this list of large nitrided parts 
Sergeson*! has added large locomotive crosshead guides and 
heavy machine parts, weighing as much as 1600 lbs. Mer- 
ten** has reported the production of a nitrided crank shaft 
for a large locomotive. 

Sergeson and Clark** have mentioned still other uses of 
nitrided parts, including meat-cutter disks, movietone camera 
parts, forging die inserts, refrigerator valves, clay forming 
dies, ete. 

The Firth-Sterling Steel Company® recommends steel 
No. 15, in Table I, for the following uses which have not been 
mentioned: ball and roller bearings, ball cones and races, 
dies, such as coining, wire drawing, extruding hot and cold 
forming, upsetting and heading, gages, sand blast nozzles, etc. 

Grossmann! has cautioned against certain uses of ni- 
trided parts in contact with mineral acid, under certain types 
of abrasion and under heavy loads. 

At the present time the successful use of nitrided parts for 
certain services are quite well established; other applica- 
tions are still in the experimental state, and some have been 
excluded as unsatisfactory with the usual nitrided products. 

Other uses for nitriding will be found, and new steels and 
new nitriding practices may be expected to extend the use 
of nitriding to parts which are now considered unsatisfactory. 
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Regarding the future of nitriding, we may quote from 
Higgins:*° “The possible uses of nitrided steels are limited 
only by the boldness of the designer and the vividness of his 
imagination.” 

Along with such boldness and imagination must go sound 
engineering principles and economic considerations. 
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A “Seal of Quality,” to be stenciled on galvanized sheets carry- 
ing specified weights of zinc coating, has been adopted by the 
American Zinc Institute, Inc., to be used by manufacturers of 
galvanized sheets to indicate sheets of certified quality. 

A great deal has been said about the nature of the base metal 
used for galvanized sheets, which may be Bessemer or open 
hearth steel, copper-bearing steel, pure iron, copper iron, wroug)t 
iron, etc.; and the relative rates of rusting oF these materials 
when exposed in an uncoated state have been fairly well brought 
out by numerous tests. A galvanized sheet, however, is a shect 
of one of these materials coated with zinc to protect it from m 
and the degree of this protection is dependent primarily upon the 
weight of the zinc coating. 

Because of the variation in the zine coatings on commercial 
galvanized sheets to-day, and the lack of any means whereby the 
consumer may identify an adequately coated product, the ‘7 :1c 
Institute Seal of Quality’’ has been suggested both producing 
and consuming interests. Sheets bearing this seal will ca:ry 
weights of zine coating which were decided upon after careful 
field studies as being most suitable for the service desired. 

For use in rural communities, particularly for roofing and siding 
of farm buildings, such sheets will be produced in No. 28 and * o. 
26 gage, with a coating of 1.75 oz. of zinc/ft.2 This coating is 
fully 40 to 100% heavier than coatings on most of the commer: ‘al 
sheets produced to-day, and will preserve the sheets from rust ‘or 
a far longer period than the thinner coatings. For use in locali- 
ties where atmospheric conditions are more severe, sheets of 26 
gage and heavier, carrying 2.00 to 2.50 oz. zinc/ft.? will be 
produced. 

These heavily coated sheets will be sold mainly in the corru- 
gated and V-crimp types, for use in roofing, siding and similar 
applications. Such sheets should not be subjected to severe 
bending or extreme forming operations unless special measures 
are taken to prevent damage to the coating. 
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It has been announced that Ir. Walter Ros nhba‘n, formerly in 
charge of metallurgical work at the National Physical Labora- 
tory, England, has resigned. 

Frofessor C. H. Desch, formerly Professor of Metallurgy at the 
University of Sheffield, has been appointed Superintendent of the 
Metallurgical Department of the National Physical Laboratory, 
England, and will take up his new duties in February 1932 on his 
return from the United States. 

The American metallurgists who have had the pleasure of 
meeting and hearing Professor Desch on his visits to this country, 
congratulate the N. P. L. on its good fortune in securing a man of 
Professor Desch’s personality and scientific ability to head up the 
metallurgical work. 

Professor Cecil H. Desch of the University of Sheffield, Eng- 
land, will be Non-Resident Lecturer at Cornell University, Ithaca, 
N. Y. during the fall term. He will give a course of lectures 
covering the cohesion of solids, surface properties of crystals, 
influence of adsorption on growth, etch figures, chemical changes 
in solids and chemical properties of Marta - structures. 
During the same term, Professor F. H. Rhodes will give a course 
on metallurgy and properties of metals, and Professor C. W. 
Mason, one on metallography, especially aimed to supplement 
these lectures. 












MALLEABLE IRON— 


Recent Progress 


BY H. A. SCHWARTZ" 


malleable iron began something with an attempt to 

combine the ductility of soft iron forgings with the 
ease of manufacture of cast iron. It has now become an 
economical and dependable material of engineering construc- 
tion, especially where great machinability, fair strength and 
good ductility are requisite. The country’s annual capacity 
is something over a million tons which is produced by about 
150 manufacturers of consequence. 

The processes of molding employed are very similar to 
used in the gray iron foundry except that because in 
the as-east condition malleable iron is entirely white and free 

n graphite, difficulties from 
kage, porosity and cracking both 
jing and handling are some- 
vreater and require correspond- 
recautions in pattern, design, 
» and feeding. The mere fact 

\alleable iron is made by proc- 
which resemble those of gray 
nanufacture occasionally leads 
t fusion in that some users have 


CS raleabi in over 200 years ago the development of 


iron with possibly some sub- 
St t heat treatment; this is by 
n ins true, the metallurgy of the 
‘oducts being radically differ- 
The graphite of gray iron is 


itated during the freezing proc- 

es the form of flaky plates of free 

carson somewhat resembling fish materials. 

Sc: The complete precipitation 

of carbon as graphite in gray iron is unusual and indeed gener- 
ally not desired. The graphite flakes of gray iron act as in- 


ternal notehes practically destroying the ductility of the 
material and very greatly reducing its impact resistance. 
These factors are further reduced by the combined carbon 
retained in the gray iron in the interest of adequate strength 
to balance the interruption of continuity of the metal caused 
by the flaky carbon distribution. 

The finished malleable casting is a mass of carbon free iron 
through which graphite is scattered in nodular masses. These 
rounded particles do not act as notches and do not disrupt 
the metal as much, weight for weight, as would flakes. This 
particular condition is produced in the malleable casting by 
causing it to freeze without the crystallization of any graphite 
and then letting the graphite separate out at temperatures 
80 low that flaky crystals cannot form because of the rigidity 
of the metal within which the crystals are growing. In the 
words of the metallographer the carbon nodules of malleable 
iron are allotriomorphic crystals; those of gray iron are 
idiomorphic. These formidable terms mean that in the first 
case the shape of the mass is imposed upon it by its surround- 
ings, in the latter case the shape is that natural to its method 
of crystallization. 

In order that malleable iron may successfully be made the 
composition of the casting must be such that it will be graph- 
ite-free as it freezes in the mold. It is also necessary that 


* National Malieable & Steel Castings Co., Cleveland, O. 


N OUR interest in new alloys and new 

methods of heat-treatment, metallur- 
gists and users of metals may fail to pay 
due attention to the older products that 
have served for many years. Malleable is 
one of our oldest heat-treated products. terial. 
While the use of alloy malleable has not 
yet come, malleable makers have not been 
’ a that malleable iron is merely idle. Using the same old composition but 
greater care, they have steadily improved 
the quality and uniformity of their product. 

This resume, by a member of METALS & 
ALLOYS’ Editorial Advisory Board, a fore- 
most authority on malleable, describes the 
situation as to properties and engineering 
usefulness of an old standby among ferrous 


the composition be such that out of this white iron casting 
the carbon will precipitate in a reasonable time at reasonable 
temperatures. In other words, the iron must not graphitize 
easily but still must not be ungraphitizable and this imposes 
on the manufacturer a rather narrow range of composition 
within which he must work. 

It will be quite obvious that the physical properties of malle- 
able will depend greatly upon the amount of carbon it con- 
tains in the free state; its melting point and fluidity also 
depend upon carbon content, the higher the carbon the less 
the foundry difficulties and the less the strength and duc- 
tility. Some persons feel as the result of experience that the 
greater the carbon within reason the 
better the machinability; others are 
of contrary opinion but in any event 
the matter may be dismissed here 
with the statement that irrespective 
of carbon, malleable iron is the most 
machinable commercial ferrous ma- 
The malleable manufacturer 
is thus confronted with the desire of 
not using too much carbon in order 
to maintain the strength and not us- 
ing too little in order not to increase 
his foundry difficulties. Depending 
upon the intended use of the product 
he selects a range which offers the 
best compromise; this may be a car- 
bon content between 2.00 and 2.20% 
where strength and ductility are a 
major consideration, a range from 
2.30 to 2.60% for a fair combi- 
nation of all the desired properties or a range from 2.80 to 
3.00% where the prevention of foundry difficulties is a major 
item. Some automotive manufacturers prefer moderately 
high carbon contents as the most economical from all aspects. 


If the metal contained nothing but carbon and iron it would 
not be capable of annealing in any reasonable period of 
time. It invariably contains also silicon and this element 
must be adjusted so as to facilitate the formation of graphite 
in anneal without causing the precipitation of graphite dur- 
ing freezing. The latter involves the freezing rate and hence 
depends upon the size of the casting so that silicon content 
must be adjusted from the viewpoint both of carbon content 
and of size of casting. In general the silicon is higher with 
low carbon and with thin sections than under the reverse con- 
ditions. The low carbon iron previously referred to may 
have a silicon content of 1% or even over especially if the sec- 
tions are not too thick. The intermediate range of carbon 
usually involves a silicon content around 0.80 or 0.90 while 
the higher carbons, unless they are to be used in castings 
of very small section, might require a silicon content of about 
0.70. 


A commercial malleable casting also contains a variety 
of other elements which generally are present unavoidably 
and not on purpose. They might as well be absent if that 
were possible, but failing that, are kept within such limits as 
to remain neutral with respect to the rest of the operation; 
this means the exclusion of some elements which stop graphiti- 
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zation, such as chromium and the balancing of sulphur and 
manganese against each other as manganese sulphide, which 
is approximately neutral. Curiously enough, it has been 
found that it is actually disadvantageous to make metal very 
low in sulphur on account of difficulties with regard to the 
formation of graphite during freezing. 

It should be repeated that the casting as it comes from 
the mold is graphite free, quite hard, sometimes it will scratch 
glass if the carbon is high and the cooling fast, but if the 
carbon be low and cooling slow, it can be filed to some ex- 
tent. It is absolutely brittle, not deformed at all when at- 
tempts are made to bend it, and its tensile strength is not 
well known because of the practical impossibility of Lreak- 












































Fig. 1. Structure of 
hard iron before the an- 
neal. Nitric acid etch. 


200 x. 


ing it without subjecting the 
specimen to cross bending 
loads. A material of this 
kind has a few commercial 
uses; such for example as 
the balls of grinding mills. 

It is converted into the 
tough, ductile, machinable 
product of commerce by 
suitable heat treatment. 
There seems to be no doubt 
that except for the harden- 
ing of tools and weap- 
ons, malleable castings were the first articles to be heat treated 
at all and also the first to which microscopy was applied. 
References exist in the literature to the effect that Réaumur 
in 1722 had recognized the formation of free carbon micro- 
scopically. The required heat treatments are quite pro- 
longed, partly because of the time required for the graphitiz- 
ing reaction and partly because of the time needed to dis- 
tribute heat through the content of large furnaces which 
may readily contain fifty tons of castings and an equal 
weight of containers. In general the heating is as rapid 
as possible with the desired degree of uniformity and may 
occupy perhaps two days. The maximum temperature used 
represents a compromise between the desire to obtain speed 





and the desire to prevent warpage of castings under their 
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own weight and rapid destruction of pots. It ranges in 
practice from 1500° to 1800° F. and is generally around 1600° 
F. The time required depends not only on the tempera- 
ture but on the silicon content and on the other circum- 
stances. It may be commercially anything from 10 to around 
60 hours in the range of maximum temperature. 

Graphitization cannot be completed above the critical 
point so that after the requisite time at high temperature 
the furnace is cooled to below the critical point, say, to 1300° 
F., and is maintained there until the reaction is complete. 
This may be done either by holding the temperature at a 
fairly constant point or by cooling at such a rate that the 
metal is in the desired temperature range for the required 
time which is perhaps 24 to 30 hours. 

Various methods have been tried for reducing the anneal- 
ing time; the continuous kiln makes it possible to heat much 
more rapidly and to take out the work without letting the 
whole furnace cool down; perhaps two days can be saved 
in this manner. Electrically heated inverted box type fur- 
naces have been designed, of relatively small capacity, which 
can be charged and discharged without cooling and which 
by dispensing with the heavy pots usually used to contain 
castings while being annealed, economize both in heat and 
in time to heat uniformly. An over-all annealing time in 
such furnaces has been claimed to be as low as 32 hours and 
is frequently between 3 and 4 days as compared with a con- 
tinuous kiln time of 4 to 5 days and a batch type furnace 
time of about a week. Furnaces of this electric type have, 
however, not yet come largely into use; no doubt partly 
because of the cost of e!cc- 
trical energy and the frst 
cost of the units. 

The earlier portion of ‘he 
development of the me‘al- 
lurgy of malleable cast iron 
is somewhat difficult to 
trace owing to the absence 


Fig. 2. Structure of 
malleable iron after the 
anneal. Nitric acid etch. 


200 x . 


Fig. 3. Structure of 
soft gray iron. Picric 
acid etch. 200. Note 
the difference in structure 
between this gray iron and 
the malleable Fig. 2. 
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blished results. The present writer’ has elsewhere 
pted to give some historic picture of the first two 
ed years’ progress, much of which need not be repeated 


iz and Stotz? have since dealt with the subject with 
.1 emphasis upon the early history of the ‘white heart” 


original industry as founded by Réaumur was based 
partial or complete decarburization of white cast iron 
ating in hematite. Boyden in 1825, first observed the 


d ity of material produced by allowing free carbon to 
cl lize from initially white, high carbon iron at tempera- 
t lefined as approximating the melting point of silver. 


form of carbon was originally believed to differ from 

| graphite or the graphite of gray iron and called 

er carbon” by Ledebur. It was generally believed 

ti amorphous but recent investigations by Northcott,’ 

W ‘and perhaps others, more recently proved the iden- 

tity of all three forms which are now believed to differ only 
in ir external form. 

‘urther, Fisher® showed that this external form of dis- 
tribution was in large measure related to temperature of 
precipitation. The present writer! showed photo-micro- 
graphs of graphite crystallized in white iron near the solidus 
in which the flakes are exactly similar to some forms occurring 
in gray iron. 

The manufacture of “white heart” iron of the decarburized 
type, never prevalent in the United States, has now become 
obsolete to the extent that malleable cast iron in this country 
is synonymous with “black heart’’ malleable. In Europe on 
the contrary, the white heart process predominates although 
the black heart is making considerable inroads. The dis- 
tinction between the two continents is important for much 
European literature written from the white heart viewpoint 
is but slightly applicable to the American product although 
both are called by the same name. 

Much information as to the relation of chemical composition 
ti ) physical properties must have been gathered in the interval 
irom, say, 1890 to 1910, but no publications were made. 


c ; H. A. Schwartz. American Malleable Cast Iron. Penton Publishing 
., Be geand, 1922. 

. Schad : : f 
Berlin, hh and R. Stotz. Der Temperguss. Julius Springer Verlag, 
F * L. Northeott. A Note on Temper Carbon. Journal of the Iron and Steel 

netitute, Vol. 107, Part I, 1923, pages 491-494. 

‘ F. Wever. Ueber die Natur von Graphit und Temperkohl. Mitteil- 

a aus dem Kaiser-Wilhelm-Institut far Eisenforschung zu Disseldorf, 
se 4, 1922, pages 81-86. 

G J. P. Fisher. Relation of Temperature to Form and Character of 
the ite Particles in the Graphitization of White Cast Iron. Transactions 

oj the American Foundrymen's Association, Vol. 30, 1923, pages 395-419. 
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Fig. 4. What 
the annealing 
process accom- 
plishes. Below, 
test bar of hard 
iron, before an- 
nealing, broken 
in cross bending, 
showing brittle- 
ness. Above, 
same annealed, 
showing high 
ductility. 

Fig. 5. The 
toughness of 
malleable is 
shown by the way 
this casting may 
be bent without 
fracture. 





Moldenke’® still recommended that malleable cast iron 


be not lower than 2.75% in total carbon. The writer was 
told in 1902 by leaders in the industry that the carbon con- 
tent bore no relation to the physical properties of the metal 
but showed privately in 1904, that it was the predominat- 
ing factor. The fact was independently observed by others, 
but in no case was publication made. 


In 1918 the writer’? showed a three-dimensional model 


giving as accurately as was then possible, on a basis of some 


11,000 heats, the relation between tensile strength, carbon 


content and silicon content. Later,' a somewhat more re- 
liable curve for the carbon-tensile strength relation at con- 
stant silicon was published. 


The problem was further studied three years ago by the 


Malleable Iron Research Institute and permission has just 
been given for a future publication. 


The effect of other elements upon the physical properties 
of malleable is somewhat obscured by the predominance 
of carbon and by the fact that only a limited amount of 
most other elements can be introduced without disturbances 
of the graphitizing conditions. Such information as may 
have been gathered has not generally been published or, so 
far as is known, introduced into practice for the improvement 
of the product. There is reason to believe that an improve- 
ment of 10% or more in physical properties can be had by 
such means if the inducement were sufficient. 

*R. Moldenke. The Production of Malleable Castings. Penton Pub- 
lishing Co., Cleveland, 1911. 

7H. A Schwartz. Malleable Iron as a Material for Engineering Con- 


struction. Transactions of the American Foundrymen's Association, Vol. 
20, 1918, page 373. 
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Hruska® discusses the use of aluminum for strengthening 
the product. 

Formal studies of the effect of elements upon graphitiza- 
tion have been published by Sawamura,® by Kikuta,’® and 
by the author with Guiler.'!.!*.!% 

Hayes' discloses formulae for the requisite annealing 
time as a function of Si, Mn, P and § content above the 
critical point and of carbon in addition for completion be- 
low the critical point. His conclusions seem qualitatively, 
at least, to be similar to Kikuta’s. According to his dis- 
closure silicon accelerates graphitization at all temperatures; 
phosphorus accelerates about one-half as much as an equal 
percent of silicon above the critical point and retards about 
as much as an equivalent of silicon accelerates below the criti- 
cal point. Manganese, in excess of twice the sulphur, retards 
about one-tenth as fast as silicon accelerates above the criti- 
‘al point and retards more than silicon accelerates, below. 


8 J. H. Hruska. Aluminum Improves Malleable Cast Iron Properties. 
The Foundry, Vol. 59, 1931, pages 70-71. 

*Sawamura. Influence of the Various Elements on the Graphitization 
in Cast Iron Memoirs of the College of Engineering, Kyoto Imperial Uni- 
versity, Vol. 4, No. 4, 1926. 















Fig. 6. Crankcase for 
fire engine. Length of 
casting 5 ft. 6 in., weight 
650 lbs. Courtesy Mal- 
leable Iron Research In- 
stitute. 


Fig. 7. Miscellaneous 
castings. Courtesy Mal- 
leable Iron Research In- 
stitute. 


” T. Kikuta. On the Malleable Cast-Iron and the Mechanism of Its 
Graphitization. Science Reports of the Téhoku Imperial University, Vol. 15, 
No. 2, 1926, pages 115-155. 

18H. A. Schwartz and G. M. Guiler. Chemical Elements Inhibiting 
Graphitization. Transactions of the American Foundrymen's Association, 
Vol 33, 1925, pages 639-645. 

i? U. 8. Pat. No. 1,640,674, Aug. 1927. Making Malleable Iron Castings. 

“U.S. Pat. No. 1,636,657, July 1927. Making Malleable Iron Castings. 

™ U.S. Pat. No. 1,801,742. 
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The conclusions are limited to iron of reasonably restricted 
composition. 

The available information may be summarized to the 
effect that aluminum, zirconium, uranium, titanium, nickel, 
cobalt, copper, gold, silicon and boron (in small amounts 
only) are accelerators of graphitization. The effects of 
cobalt, copper and antimony are small and there is some evi- 
dence that phosphorus may be an accelerator. The ele- 
ments chromium, manganese, vanadium, sulphur, selenium, 
tellurium, boron after the first 0.10% or so, molybdenum in 
fair amounts, antimony and tin are retarders of graphitiza- 
tion. Except for chromium, manganese, vanadium and anti- 
mony, the mechanism of whose effect on the graphitizing 
reaction is not understood, the retarding elements are char- 
acterized by the fact that the compounds which they form 
with iron or the constituents of normal hard irons are present as 
films preventing the migration of carbon during graphitization. 
Such films are preventable by appropriate changes of com- 
position, Schwartz,!® by the introduction of elements pre- 
venting the formation of film forming compounds. Cerium 
and lanthanum, by forming globular sulphide (selenide or 
telluride) thus undo the harm occasioned by these elements 
although they are not themselves graphitization accelerators. 
The retarder, manganese, can combine with the retarders, 
sulphur, selenium and tellurium, rendering both itself and 
them harmless. The behavior of manganese and sulphur 
has long been known but discussed recently by Hayes and 
Flanders. '* 

Very generally, the cumulative effect of several retarcers 
and accelerators all present at once is not the mere sum of 
the several effects. Thus in addition to the cases just ci‘ed, 
small amounts of nickel » cu- 
tralize normal amounts of 
silicon; Schwartz.!7 

Also the effect of a given 
element is not always the 
same at all temperature 
ranges. Thus Kikuta,'’ as 
well as Hayes,'® found tan- 
ganese to be much more ac- 
tive at low than at high tem- 
peratures. 

Graphitizing rates are also 
affected by the surrounding 
media, Hayes and Scott,'* 
showed that mixtures of CO 
and COs, at elevated pres- 
sures accelerated graphitiza- 
tion above A,, but almost 
prevented it below that 
point. 


The effect of oxygen and 
oxidizing gases is somewhat 
complex. Thus Mat- 
subara,!® showed gas equi- 
librium curves demonstrat- 
ing the stability of FesC 
toward C, a result con- 


6U.S8S Pat. No. 1,660,398. 

1 A. Hayes and H. E. Flanders. 
One of the Causes of Variations in 
Rates of Graphitization of White 
Cast Iron. Transactions of the 
American Foundrymen's Associa- 
tion, Vol. 33, 1925, pages 634 
638. *- 

” H. A. Schwartz. Graphitiza- 
tion in the Presence of Nickel. 
Transactions of the American Soct- 
ety for Steel Treating, Vol. 15, 1920, 
pages 957-966; discussion, pages 967-970. — . 

8 A. Hayes and G. C. Scott. The Catalysis of the Graphitization of — 
Cast Iron by the Use of Carbon Monoxide-Carbon Dioxide Mixtures wht 
Applied under Pressure. Transactions of the American Fou s Associa 
tion, Vol. 33, 1925, pages 574-593; discussion and author's reply, page? 
594-609. 4 

# A. Matsubara. Chemical Equilibrium between Iron, Carbon a2 
Oxygen. Transactions of the American Institute of Mining and Metallurg 
Engineers, Vol. 67, 1922, pages 3-55. 








September, 1931 


firmed by Schenck,”° who, however, later showed that the 
equilibrium involved oxygen content in the solid phase. 
Storey?! seems to have been the first to publish data as 
to the mechanism of the annealing process, pointing out the 
elimination of FesC at high temperatures and the graphitiza- 
tion of eutectoid cementite below A;. The writer and his 
eo-workers?2-?3 dealt at some length with the mechanism of 
graphitization, developing the thought that the direct de- 
composition of Fe;C with its elements does not usually occur, 
but that the process is one of solution of cementite, decompo- 
sition, migration and crystallization. The evidence pointed 
to the migratory rate as the determining factor in graphitizing 








rate. 

8. Miscellaneous 
ra y castings. Cour- 
te lalleable Iron Research 
Ins ite. 

is found that up to the point where one-half the ce- 
me had been destroyed at a given temperature above 
A, the amount of carbon was proportional always to the 
l'/, power of time. It was further found that equal incre- 


ments of temperature multiplied graphitizing rates by equal 
amounts regardless of temperature. The rate of multiplica- 
tion is near 1.23 for an increment of 10° C. in temperature 
and varies somewhat with silicon content. The relation be- 
tween silicon content and graphitizing rate was also logarith- 
mic. 

A detailed quantitative discussion of the phenomena was 
summarized by the writer?‘ elsewhere. 

A considerable amount of study has been given to annealing 
cycles, some of which has found expression in patents. 

Valentine,*® reports an acceleration of annealing below A, 


‘ 


by an abrupt change of temperature of about 10° or 20° C. 
in this region irrespective of the direction of this change 
provided only it be near but below the critical point. 

_Hayes and Diederichs®* claim an acceleration by oscilla- 
tions of temperature passing through the A, temperature. 


C *R. Schenck. Gleichgewichtsuntersuchungen tiber die Reduktions, 
Jxydations-und Kohlungsvorginge beim Eisen, V. Zeitschrift fir anorgan- 
teche und allgemeine Chemie, Vol. 167, 1927, pages 315-328. 
u O. W. Storey. A Study of the Annealing Process for Malleable Castings. 
Metallurgical and Chemical Engineering, Vol. 12, June 1914, pages 383-389. 
7H. A. Schwartz. Graphitization at Constant Temperature. Trans- 
actions of the American Society for Steel Treating, Vol. 9, 1926, pages 883-906. 
H. A. Schwartz and H. H. Johnson. Graphitization at Constant Tem- 
peveiuep below the Critical Point. Transactions of the American Society 
or Steel Treating, Vol. 10, 1926, pages 965-968. 
Ww o A. Schwartz. The Mathematics of Graphitization below the Solidus. 
iy Engineering Congress, Tokyo, omy 1929. 
Vol. § R. Valentine. alleable Iron-Short Cycle Anneal. The Foundry, 
pages 235 cig! 1929. pages 825-826; Metals & Alloys, Vol. 1, Nov. 1929, 


* U.S. Pat. Nos. 1,574,374; 1,574,376 and 1,574,377 
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Phillips and Davenport*’ pointed to a similar phenome- 


non, in connection with fluctuations above the critical point. 


Masakichi Kubo** claims an acceleration of graphitiza- 


tion in metal carrying fairly heavy A. C. currents of a density 
of the order of magnitude of 100 amp./em.? The observa- 
tions were not confirmed by others who studied the problem. 


Saito and Sawamura”® and the writer®® found that white 


iron cooled very rapidly from well above A, to below that 
point, had its graphitizing rate enormously accelerated. 


Williams*! found very rapid graphitization in metal of 


abnormally high silicon content, perhaps twice usual amounts, 
which was kept. white by being cast in a permanent mold 
or other chilling device. 





a 











Piwowarski* refers to a quick annealing iron containing 
nickel and sometimes chromium and having a sorbitic or 
pearlitic matrix. The data given indicate a low total car- 
bon, 1.82 to 2.09%, a high silicon, 1.56 to 1.63%, a high 
manganese, 0.74 to 0.84%, low phosphorus, around 0.02% 
and a similar sulphur. 

The annealing time and properties of such metal with and 
without nickel and chromium additions, were reported as 
follows: 


Ultimate Elongation in 
Hours at Strength 5 Diameters 
Ni Cr 975° C. Ibs./in.? % 
Nil Nil 1.0 88,000 2.0 
92,200 4.0 
1.00 Nil 1.5 Se an0 | os) 
88,000 3.0 
2.48 Nil 2.0 73,700 1.53 
92,200 2.05 
2.55 0.46 3.0 oy a00 t 0.5 
127,800 1.0 


It is somewhat doubtful whether such metal should be called 
malleable cast iron in American usage. A number of pro- 
ducers in the United States have interested themselves in 
intermediate products made by suppressing wholly or in 
part, the graphitization of pearlite below A;. The properties 

2 A. Phillips and E. 8. Davenport. Malleableizing of White Cast Iron. 
Transactions of the American Institute of Mining and Metallurgical Engineers, 
Vol. 67, 1922, page 466-488; discussion, pages 489-497. 

% U.S. Pat. No. 1,634,586. 


*® Saito and Sawamura. A New Phenomenon Concerning the Graphitiza- 
tion of White Cast Iron and its Application to the Manufacture of Black 


Heart Malleable Castings. Memoirs of the College of Engineering, Kyoto 


Imperial University, Vol. 5, No. 1, 1927. 

* U.S. Pat. No. 1,688,438, Oct. 23, 1928. 

1 U. 8. Pat. No. 1,591,598. 

3: EF. Piwowarski. La Malléable A haute resistance. Congrés International 
de Fonderie, Liege, June 1930. 
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of heat treated malleable were discussed by E. K. Smith.** 
The properties in general are those which might be expected 
if for the ferrite matrix of malleable, a pearlitic or other steely 
structure be substituted, i. e., an increased strength and de- 
creased elongation. 

Lauenstein™ has announced a metal in which the recarburi- 
zation on heat treatment is confined to the grain boundaries 
for which he claims superior properties as regards high 
strength with reasonabie ductility. 

Marshall** investigated the embrittlement of malleable 
on heating into the blue heat range as in galvanizing and 
found it could be prevented by quenching the malleable after 
anneal and before processing from temperatures of the order 
of magnitude of 650° C. 

Bean** had previously found that the embrittling phe- 
nomenon was present only if the total amount of silicon and 
phosphorus exceeded certain limits. 

The preceding review has been prepared keeping in mind 
the following limitations. The inclusion of such matter 
only as has been given to the public either in technical publi- 
cations or patents; omission of scientific investigations, 
as for example, on equilibrium diagrams, not directly related 
to the malleable founder’s art. 











No exhaustive searches for priority are implied in the assign- 
ment of credit. There may have been anticipation of publi- 
cation in obscure periodicals or by workers who did not 
choose to publish. Developments in equipment in the in- 
dustry are not covered. 

The Symposium on Malleable Iron under the joint auspices 
of the A. F. A. and A. 8. T. M. at the 1931 meeting of the 
latter association contains a very extensive résumé of the 
methods of manufacture and of the physical properties of the 
product as now marketed. Reference is there also made 
to the use of malleable castings in the following industries: 


33 E. K. Smith. Hardened and Tempered Malleable Castings. Transac- 
tions of the American Foundrymen's Association, Vol. 31, 1923, pages 295-312. 

“* U.S. Pat. No. 1,760,241. 

* L.. H. Marshall. Embrittlement of Malleable Cast Iron Resulting from 
Heat Treatment. Technologic Paper No. 245, U. 8. Bureau of Standards, 
1923 

* W. R. Bean. Deterioration of Malleable in the Hot-Dip Galvanizing 
Process Transactions American Institute of Mining and Metallurgical 
Engineers, Vol. 69, 1923, pages 895-931. 
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Agricultural Implements 
Automobiles 

Boilers, Tanks and Engines 

Building Equipment 

Conveyor and Elevator Equipment 
Electrical and Industrial Power Equipment 
Hardware and Small Tools 

Household Appliances 

Machine Tools 

Machinery for Special Uses 

Marine Equipment 

Metal Furniture and Fixtures 

Municipal, State and Public Service 

Pipe Fittings and Plumbing Supplies 
Railroads 

Road and Contractor’s Machinery 

Toys and Specialties. 


The original articles should be consulted for the particular 
applications in each industry. 

Emphasis is laid upon the fact that the statements fre- 
quently encountered that malleable iron is similar to a su- 
perior character of gray iron and that the malleable proc- 


Fig. 9. A number of 
automotive castings. Cour- 
tesy Malleable Iron Research 
Institute. 


% Gi «, 


ess is not effective very far beiow the surface are entirely 
fallacious and arise out of ignorance of the processes em- 
ployed and the results obtained. 

The following physical constants are accepted: Specific 
gravity 7.15 to 7.45, coefficient of thermal expansion as 
usual, varies with the temperature; the expansion increasing 
more rapidly than the temperature. The precise relation 
is shown graphically but is equivalent to a change of 0.000012 
of the original length for 1° C. at temperatures not too far 
removed from ordinary room temperature values. Specific 
heat similarly varies with temperature and is approximately 
0.122 calorie/g./° C. near room temperature. A survey of 
some 20,000 heats is made and it is concluded that the tensile 
strength averages about 54,000 Ibs./in.?, the yield point m 
tension 36,000 Ibs./in.? and the elongation 18%. The modu- 
lus of elasticity in either tension or compression is in the 
neighborhood of 25,000,000 lbs./in.?; the ultimate strength 
in shear as given is 48,000 lbs./in.?, the yield point in sheat 
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is about 23,000 Ibs./in.*, the modulus of rupture in torsion 
58,000 lbs./in.?, the yield point in torsion 24,000 lbs./in.? 
The data for modulus of elasticity and those following are 
based on relatively few samples. 

The Brinell hardness number is shown to be somewhat 
variable and this number is not believed to be particularly 
useful as determining the quality of product; it is usually 
about 115 and may run from 100 to 140. Notched bar im- 
pact tests on the usual Charpy apparatus will run about 7°/, 
ft.-lbs. and the Izod value will be about 9 ft.-lbs. 

The resistivity of the material is from 28 to 37 microhms 
per centimeter cube depending largely upon carbon con- 
tent. The magnetic properties are given in curve form and 
it may be worth mentioning that below flux densities of ap- 
proximately 9000 kilo-gausses/cm.*, the permeability is higher 
than that of any material made and sold under comparable 
conditions. 

|:fforts have been made to analyze statistically the available 
data for tensile properties to determine an expression of tini- 
formity. The fundamental data are collected from about 
5000 specimens tested in the laboratory of the Malleable Iron 
esearch Institute. 

Che standard deviation of tensile strength is computed 
as about 1980 lbs./in.*, of yield point about 1000 lbs./in.? 


al f elongation about 4%. The standard deviation of 
al iantity is a measure of the scatter of results obtained 
it observations. It is calculated by taking the square 
r the sums of the squares of all the differences between 
the erved values and the mean value, divided by the num- 
be observations; i. e., it is the root mean square of the 
individual deviations from the average. 


ction of the Symposium is occupied with a discussion 
of fact that, unlike any other commercial ferrous ma- 


te! in malleable iron, the tensile strength and elongation 
va n the same direction, the stronger iron having the 
gre elongation. Reference is made to the connection 
bet cen this fact and the attainment of good impact values. 

it is also pointed out that although the surface layers being 
lov ‘arbon may be higher in tensile strength and elonga- 
tion than the center of the bar, these differences are by no 
me so pronounced as to warrant the conclusion that 
malleable iron with its surface removed is materially worse 
in physical properties than with the skin on. The physical 


properties to be expected from machined bars are elucidated 
In the text. 

Certain special malleable iron of high strength and low 
carbon content is described; this material had an average 
tensile strength of 57,700 lbs./in.*, a yield point of 38,000 
lbs./in.? and elongation of 25%. The standard deviations 
of these quantities are about 1140, 635 and 1.3, respectively. 
The high strength metal was evidently of more uniform 
quality besides of higher physical properties; this greater 
uniformity is in part at least due to the fact that unlike the 
metal first quoted, it was made in one plant to a single specifi- 
cation and should therefore, of course, be more uniform than 
the product of many plants made for a variety of purposes. 

Machinability could not be covered quantitatively but 
the statement is made that irrespective of grade, properly 
made malleable is the most machinable ferrous material. 

A brief discussion is given of the properties of cupola 
malleable iron as made for pipe fittings and similar service. 
_ The data available to the Committee in regard to cupola 
iron were much less voluminous than in regard to air furnace 
and electric metal. 

The average ultimate strength and average elongation 
reported are lower in cupola metal than these constants were 
found to be for air furnace and electric metal. Two producers 
found the yield point to be very close to that prescribed in 
the current specifications; another found it to be much higher. 

No mathematical discussion of the degree of uniformity of 
results was undertaken. 
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The Symposium closes with a series of recommendations 
to engineers which may be summarized in the following quo- 
tation: 


“1. The stock of the casting should be as nearly uni- 
form as possible, avoiding direct connection of heavy sec- 
tions to light sections. Shrinkage cracks will develop at 
points of quick change of section. Where it is necessary to 
vary metal from light to heavy sections, a gradual taper of 
the joint should be developed. 

“2. When heavy sections or bosses are surrounded by 
light sections, it is impossible to secure proper feeding of 
the boss, resulting in unsoundness. This trouble can be 
overcome by placing ribs of sufficient section on the light 
parts to permit feeding. 

“3. Cross-sections such as ribs forming a cross should at 
all times be avoided. 


“4. The design should be made sufficiently heavy or 
thick to permit adding a gate of such size as to insure good 
feeding of all sections. 


“5. Use as large fillets as possible and avoid sharp corners. 
“6. Avoid dry sand cores wherever possible, especially 
where castings on cooling contract around a core. 


“7. Parting lines should be made as even as possible. 
“8. Designs should be such as to provide ample draft 
for easy molding.” 


« © * 


RESEARCH LABORATORIES 
INSPECTION TOUR 


Executives of various branches of the metal industries, will 
be members of a party of 100 business men and bankers on a 
tour of research laboratories this fall that is being organized 
under the sponsorship of the National Research Council to 
acquaint the group with the scientific research activities now 
carried on by all classes of industry, small and large, in a period of 
changing economic conditions, looking to such factors in business 
re-adjustment as creation of new products and the development 
of new markets. 

Professor Dugald C. Jackson, head of the electrical engineering 
department of Massachusetts Institute of Technology, who is 
chairman of the Division of Engineering and Industrial Re- 
search of the National Research Council conducting the tour 
with headquarters in the Engineering Societies Building, 29 
West 39th Street, New York, has announced the itinerary of the 
tour as follows: 

Monday, October 5, the party will leave for Boston on one 
of the boats of the Eastern Steamship Lines. The remainder of 
the trip will be made by special train. Tuesday, October 6, 
Massachusetts Institute of Technology, the laboratories of Arthur 
D. Little, Inc., Dewey and Almy Chemical Company, and the 
New England Confectionery Company, all in Cambridge, Mass.; 
the United Drug Company and the Thompson and Lichtner 
Company, Inc., in Boston. The tour activities in and around 
Boston will be in charge of the New England Council, an organiza- 
tion which promotes interest in New England industries. Mem- 
bers of the party will be given a choice of visits to the laboratories 
just named. Wednesday, October 7, Eastman Kodak Company, 
Rochester, N. Y.; Thursday, October 8, Ford Motor Company, 
Detroit; Friday, October 9, Nela Park Laboratories, Cleveland; 
Saturday, October 10, Goodyear Tire and Rubber Company and 
Zeppelin Plant Laboratories, Akron; Monday, October 12, 
Tanners’ Council of America; and the Basic Science Research 
Laboratory, identified with the General Foods Corporation, 
both at the University of Cincinnati; Tuesday, October 13, 
Pattelle Memorial Institute, Columbus; Wednesday, October 14, 
Westinghouse Electric and Manufacturing Co., East Pittsburgh 
and Thursday, October 15, return to New York City. 


* @ 


Lukenweld, Inc. (division of Lukens Steel Company, Coates- 
ville, Pa.) has appointed W. R. McDonough & Co. as repre- 
sentative in Cleveland District and the Dravo Doyle Company 
in the Pittsburgh territory. Lukenweld, Inc., is engaged in the 
design and manufacture of parts of machinery and equipment by 
gas-cutting, forming and arc welding of rolled steel, its products 
being known as Lukenweld Construction. 
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Present Position of 


NITRALLOY inINDUSTRY 


BY M. A. GROSSMANN’ 


This article will deal with the 


questions: 
How is Nitralloy made and 
treated, and why? 


register. 


What are its advantages in likely to get the story. 
use? 
Where has it proven disap- 


pointing? 
How expensive is the metal 
and what is the cost of the 
treatment? 

carbon content, 


HE INVENTORS of any new 





T OFTEN happens that when one man 
tells us something, it doesn’t entirely 
If two people tell us about the 
same thing in different words, we are more 


We are therefore trying the experiment 
in this issue of having two authorities on 
the subject of nitriding, discuss it, each 
from his own point of view. 

Grossmann deals with a particular com- 
position of nitriding steel, varying only in 
while 
wider range of compositions. 


and would be very shallow rela- 
tively if the steel contained too 
much aluminum. 

The amount of chromium shown 
has been found to be the proper 
amount to combine good depth of 
case with proper ductility and 
strength. 

The molybdenum supplements 
and assists the nitrogen-hardening 
properties of the aluminum. 

The variation in carbon content 
has already been referred to—where 


Harder covers a 
Their con- 




















material usually feel that they clusions agree in all essentials. core strength is desired, in order 
are entitled to a certain time for to resist pressure in service, higher 
industrial experimentation so that carbon contents are used. iere 
they may ‘‘work out the bugs in it.” Let us 3 ENT Sal Aer ductility in forming or machining is necded, 

discuss the entomology of Nitralloy, and ex- | | the lower carbons are desirable. 
amine some of these bugs and the extent to sae aS ar Sar The next consideration is the condition of 
which they have been exterminated, if any. goo |— oe the steel when subjected to the nitriding proe- 
Since the original investigations by Fry, : Biss | ess. It was found early that steel whicl: had 
really tremendous amount of work has been | ed i a ae been decarburized gave a brittle surface when 
done in the attempt to standardize the prac- Bal eee nitrided. Further, it was found that i! ap- 
tice in manufacture and in treatment. As is F re iia 1) preciable areas of free ferrite were prescnt in 
the case with any kind of steel having wide 2 £00 —— the structure, they behaved just as bac'y in 
consumption, the steel must have a com- § | nitriding as does a decarburized surface. Ni- 
position which can be made regularly and ae nn ee tralloy in the annealed condition has a -truc- 
uniformly in the melting furnace, and can be m ICH S ture embodying a considerable propor on of 
treated togive uniform and reproducible results. Fig. 1. Heat 3305, C-0.315, ferrite. These ferrite areas develop :::tride 

Table 1 shows a composition which has Mn-0.63, Si-0.15, Cr-1.68, needles and give a brittle case. 
proven very successful and is being used Mo-0.19, Al-0.70. To avoid this condition, the Nitra! he- 
widely. It will be noted that there are four Temp. Time Dissoc’n Flow fore nitriding is heated to about 1700 and 
different carbon contents, which are used 4 is quenched or air cooled, being then re cated 
because they give four different core strengths anne 4 2 eg 40% a usually to 1300° F. This results in a so-called 
and degrees of ductility. The alloying ele- 199° F. 48 hrs. 18% 509 normalized structure, free of appreciable 
ments are however the same in allfour grades. 1200° F. 48hrs. 90% 500 ferrite areas. A majority of the unexpected 
failures are attributable to a decar}urized 

surface. 
: ‘ cs ee . The nitriding is done with ammonia gas, and there is little 
ks es ~~ — _ a an likelihood at present of finding any other material which 
0.10/0.20 0.40/0.70 0.80/1.30 0.15/0.25 0.60/1.20 meets the requirements so efficiently and so cheaply. 

a 5 Sap an c . 3 i The temperature for nitriding has been the subject of 
High C 0.55/0.65 much investigation. The temperature in common use 3 


The aluminum content was adopted after many trial heats 
had been made, both on a laboratory scale and commercially 
in the plant. The value shown is the amount which will give 
adequate hardening, with an extra percentage of aluminum 
for safety. If the aluminum content is too far below the 
figures shown, the Nitralloy will not develop enough hardness 
on treating. 

The upper limit is influenced by the ease of melting—if too 
much aluminum is used, it is difficult to get it distributed 
perfectly evenly throughout the heat. The low specific 
gravity of the metallic aluminum or ferro-aluminum is re- 
sponsible for this difficulty. Furthermore, too high an 
aluminum content would introduce another difficulty—the 
hardened case after nitriding would be too hard and-brittle, 


' Condensed from a talk before the Washington-Baltimore Chapter, 
American Society for Steel Treating. 
* Vice-President and Director, Republic Research Corporation. 





950° F. (510° C.) and has been adopted for the following 
reasons. If a lower temperature is used, the time is increased 
inordinately, without any corresponding advantage in me- 
chanical properties. If a higher temperature is used, the 
resulting hardness of the case is less. This latter point 18 
illustrated in Fig. 1, which shows the hardness of case de- 
veloped at various nitriding temperatures up to 1200° F. 
The curves show not only surface hardness (at the left of the 
diagram) but also gradation of hardness toward the interior 
of the piece (at the right of the diagram). The curves are 
plotted in the following way: the finished nitrided piece 
ground on a plane at an angle of 3° with the original nitrided . 
surface, so that this freshly ground surface traverses the case 
and enters the core. The hardness at the extreme surface 18 
plotted at the left (the origin) in the diagram, and the hard- 
nesses at various depths along the 3° taper are plotted as 
shown. 

The several curves on the chart show that as the tempera 
ture of nitriding is raised, the surface hardness obtained be- 
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ecmes materially less. For most purposes, a piece nitrided 
at 1000° F. might be useful, but one nitrided at 1200° F. 
would not be. 

However, associated with the lesser surface hardness, a 
somewhat greater depth of case is obtained at 1200° F., as is 
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and on the right the junction between a protected area and an 
unprotected area. In the photograph on the right, one por- 
tion became nitrided,. and this region darkened when etched. 

Of importance further is the kind of furnace used for 
nitriding. It has been found extremely useful to have thor- 
ough circulation of the nitriding gases in the furnace. For 
this reason the type of furnace shown in Fig. 3 has proven to 
be of value. Here a circulating-fan causes the gases to cir- 
culate constantly, leading to very much greater uniformity of 
nitriding on various pieces and even on different parts of the 
same piece, than has been found possible without circulation 
of the gases. 

A further important practical consideration is the container 
in which the nitriding is carried out. Due to a deterioration 
of the container when it is used over a period of a number of 
months, the efficiency of the gases as nitriding agents is gradu- 
ally reduced. Two types of container have proven par- 
ticularly free of this defect. One is a European develop- 
ment—an alloy steel with 25% chrome and 20% nickel. 
The other, a domestic development, is a 
enameled on the inside. 


container 














































































































observed in Fig. 1, and this With the above details of 
circumstance can be made use practice, we come now to ap- 
of all of the nitriding were plications of the process. 

to arried out at 1200° F., Nitralloy introduced hard- 
t] irdness at the surface nesses of a new order of mag- 
W be too low, but advan- nitude for steel treating. In- 
tas iay be taken of the deed, it is significant of these 
gl depth of case at 1200° F. " . de hardnesses that new hardness 
by a duplex cycle. The tied WEN. " | re testers were developed for use 
firs rtion of the cycle is 1 ra pd especially with these steels. 
cal out at 950° F. and N Mtriding BS a4 [t is now a practice to 
gl e surface hardness ad { :* report Nitralloy hardness in 
sh n the diagram. In- . Hy eee, § ° aS —s terms of Vickers Brinell or 
ves on has shown that he Col ae 23 Werk a Firth Brinell—the so-called 
wh piece has once been Ste bai 3 ae . Brinell-equivalent measured on 
nit at 950° F., it may be % ss , a | eae ” Sar Vickers or Firth diamond in- 
he }a higher temperature Ke i oo a * | infote/pe dentation machines. 

wit losing its hardness. ot i ng ene It is common knowledge 
In r words, a piece hard- that the hardnesses obtainable 
ens 950° F. may then be . aa T in previous materials were of 
hea to 1200° F. and the z| the order of 700 Brinell, where- 
suri hardness will remain vers mB as with nitriding the hardness 
at oximately the value eversing is commonly around 1000 Bri- 
obt: | at 950° F. If, then, Me for nell equivalent. With such 
we nitride a piece for a short high hardnesses, the applica- 
time at 950° F. we obtain high | tions to practice were bound 
surface hardness, and if we LU to be abundant. Of the num- 


nitride the same piece subse- 

quentiy at 1200° F., greater 

depth of case is imparted, in 

less time than would have been possible if the nitriding had 
been continued at 950° F. The duplex cycle consists there- 
fore in nitriding first at 950° F. to obtain surface hardness, 
and to continue the nitriding then at 1200° F., to increase 
the depth of case and so improve its strength and resistance 
to crushing. 

The above, then, are the procedures which have come to be 
considered as tentative standards for the preparation of the 
nitriding steel itself, and for the imparting of a satisfactory 
nitrided case. There are, however, many accessory steps 
which have involved considerable experimentation. 

One of these is the protection of certain areas of a piece 
from nitriding, so that these areas will remain seft while 
the rest of the article will be hardened. The most satis- 
factory and most reliable method is to apply a coating of tin 
to the areas to be protected, either by hot tinning or by elec- 
troplating. The tinned areas are impervious to the action 
of the ammonia. Other methods include nickel plating, also 
the application of mixtures of salts and water-glass, but these 

ave on the whole been found to be less reliable than tinning. 

Fig. 2 shows on the left the protective action of a coating, 


Fig. 3 


berless applications, we list a 
dozen of the most important to 
date, as follows: 

Valves (steam) 

Crankshafts for heavy duty motors 

Pump shafts (auto) 





Fig. 4 
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Pump Shaft. 








Gas Engine Wrist Pins and Auto- 
motive Wrist Pin. 


Cross for universal joints 

Camshafts 

Piston pins 

Cross head guides in R. R. engines 

Large machine parts too large to harden by quenching 

Small gears under light load 

Small machine parts generally 

Forging dies for shallow forgings 

Steam joints in connecting R. R. cars 

igs. 4-7 shows a few typical applications. Fig. 8 shows a 
large piece in which, on account of the thickness of section, 
it would have been particularly difficult to secure surface 
hardness by quenching, but it was easily secured by nitriding. 
Since Nitralloy is, however, hard to a modest depth only, we 

find it necessary to remember this feature. It is convenient 
to report the hardness in the form of a curve, showing the 
gradation of hardness from surface to core, as explained 
previously. Fig. 9 shows typical curves comparing nitrided 
cases with carburized and quenched cases. The curve shows 
the now familiar high hardnesses around 1000 Brinell-equiva- 
lents. But it also indicates the other and less happy feature— 
the relatively shallow depth of case. And it must be remem- 
bered incidentally that the Vickers and Firth testers are 
important not only because they measure high hardnesses, but 
also because they are adapted to measuring a thin case—the 
applied load (10 kg.) is so light that a thin case can be tested 
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Fig. 8.—Bar for Crankshaft Turning Machine. 


without breaking through. 
Because nitriding is a case-hardening process, the 


up- 
position is often voiced that Nitralloy is now by way of re- 
placing all carburizing steels. But this cannot be accepted 
without reservation. 

Fig. 9 shows the relative surface hardness and the relative 
depth of case of nitrided and case-carburized steels. The 
hardness and with it the wear resistance is of course al! in 
favor of the nitrided steel. The depth of case is, however, 
much greater in the carburized steels. This means that their 
resistance to impact and crushing is greater than that of 
nitrided steels. On the other hand, accidental heating in 
service reduces the hardness sooner (that is, at lower tempera- 
tures) in carburizing steels, so that such reheating in service 
is much more likely to be harmful in carburized steels than in 


nitrided steels. This loss of hardness by reheating is illus- 
trated in Fig. 10. In the nitrided steels there would of course 
be no loss of hardness until the temperature of nitriding itself 
had been passed. 

There is evidence that Nitralloy, with its higher hardness, 
shows better wear resistance than ordinary steels or irons. As 
a matter of fact, instances could be adduced endlessly where 
nitrided pieces have given many times the life of ordinary 
steel. Table 2, from Guillet, shows a striking difference. 
There is every reason to believe that for wear resistance 
Nitralloy is in reality unexcelled in its field. 


Vickers Bainecc ‘Equivacent 


Fig. 10. Effect of Re- 
heating on Nitrided 
Steel and on Carburized 
and Quenched Steels. 
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Table 2. 
Wear of Motor Cylinders 
‘ Cast Iron Nitralloy 
Aut bile, 18,000 miles 0.0160 0.0008 
Steel Nitralloy 
) motor, 100 hours 0.0032 Not measurable, prob- 


ably under 0.0005 
ear of Motor Cylinders Indicated by Oil Consumption in Use 
New Motor After 100 Hours 
He ated steel 5 . g. p. hp.-hr. 








he other hand, the strength of the core is occasionally 
insu’ cient. This strength of core can be regulated to a 


cert extent, especially by using a higher carbon content, 
but fact that nitriding is carried out at 900° to 950° F. 
me that only moderate strength can be retained from any 
previous heat-treating operation. Figs. 11 and 12 show the 
core strengths, and they are not as high as might be desired. 
Assoviated with this reduced core strength is the previously 
mentioned shallowness of case, with the result that Nitralloy 
will not withstand the highest impacts. In impact and clash 
gears, for example, the present commonly used grades of 
Nitralloy are as yet unsatisfactory. 

There is another feature about which a good deal has been 


said: namely, that due to the fact that Nitralloy is hardened 
without quenching, there is almost complete absence of dis- 
tortion. Confidentially, we have to admit that in these days 
of quenching in jigs and fixtures, the advantage is not as 
striking as one could hope, but the fact does remain that 
large pieces, and pieces of complicated cross section, can be 
hardened easily with but little distortion. The freedom from 


Ring Solid 


Fig. 13 


A B A 


0.918 0.500..... Before... .0.918 
0.9215 0.502..... After..... 0.920 


distortion is indeed not absolute, for there is a slight growth in 
nitriding, and with very uneven pieces there may therefore 
be RI slight distortion, which is accentuated if for any reason a 
high nitriding temperature is employed. 

This growth in nitriding is illustrated in Fig. 13, which 
shows that in a l-inch ring and a 1-inch disc, there is an in- 
crease in size amounting to 0.001 to 0.003 inch. If a couple of 
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thousandths is of importance, therefore, it must be allowed 
for. 

One further point: if the article is a thin piece, and is pro- 
tected on one side from nitriding (as by tinning), the nitrided 
side will grow slightly while the protected side retains its 
original dimensions, resulting in curvature of the finished 
piece. 

But these are unusual circumstances, and in general the 
freedom from distortion is very satisfactory. 

There are a few further advantages and disadvantages 
which have come to light. Among the advantageous items 
is the rust resistance. Nitrided articles exhibit a very fair 
degree of resistance to corrosion. It should be noted how- 
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ever that the original nitrided surface should be preserved, for 
the removal of as little as 0.002 inch (as by grinding) mate- 
rially lowers the rust resistance. There is reason to believe 
that a nitride compound forms at the surface, that it is this 
compound that is rust-resistant, and that if the compound 
is removed as by grinding, the underlying material is no 
longer rust resistant. Also, rust resistance does not mean 
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resistance to acid, for mineral acids attack Nitralloy. In 
acids the resistance is poor, in corrosive oils and in salt water 
the resistance is excellent. 

Another advantageous item is the fact that it has been 
found possible to weld Nitralloy using the atomic hydrogen 
weld with Nitralloy welding wire. Fig. 14 shows a weld 
which was subsequently nitrided to a hardness above 800 
Vickers Brinell. 

Now as to the cost. It is an open secret that this was a 
serious impediment for some time. We say ‘‘was an impedi- 
ment,” because the recent more widespread use has brought 
with it notable reductions in cost. The two factors are, of 
course, the cost of the steel itself and the cost of the nitriding. 
As to the steel itself, the regularly quoted prices now carry 
reductions up to 25% on large lots. But of the economies 
effected, the greatest have come in the cost of the nitriding 
itself. Fora considerable time, the cost of this nitriding opera- 
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tion was always higher than the cost of the steel used. Of 
late, however, there have been very marked reductions, 
Fig. 15 shows a price chart used by a commercial heat treat- 
ing company, for various nitriding jobs. The large figures 
in circles have been inserted for clarity, to show the range 
of prices. Obviously for large pieces, or for large quantities 
of small pieces, the cost is less and the price quoted here ig 
seen to be as low as 4c per lb. Even this has now been bet- 
tered, and in a recent furnace installation for handling large 
quantities in production, the furnace company guaranteed a 
nitriding cost under 2c per lb. 

The general drawback of cost, which for a time was indeed 
serious, seems to be on the way to being solved through in- 
creased production. 

It is a great pleasure to acknowledge the assistance given 
by Messrs. R. Sergeson and M. M. Clark, in the preparation 
of the data presented here. 
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NEW USES FOR THALIUM 


HE PHYSICAL and chemical properties of thallium are very 

similar to those of lead, states Alice V. Petar, in a report re- 
cently published by the Bureau of Mines. The metal is white with 
a bluish-gray tinge, somewhat paler than lead. It has a bright 
metallic luster when freshly cut but dulls quickly when exposed 
to air. Thallium is softer than lead; it can be scratched by the 
finger nail and is easily cut with a knife. It is malleable but has 
little tenacity, and can be squeezed but not drawn, into wire. 

There are no commercial ores of thallium, although it is present 
in small quantities in a great many minerals. The supply was 
formerly obtained solely from flue dusts that accumulated in 
sulphuric acid plants where pyrite is used. The thallium content 
of these flue dusts is small—usually about '!/.%—and the thallium 
is produced only as a by-product. At present most of the do- 
mestic supply is a by-product of the purification of cadmium, 
itself a by-product of the smelting of other metals. 

Four very rare minerals contain appreciable percentages of 
thallium. Crookesite, a thallium-copper-silver-selenide, which 
contains from 16 to 19% thallium, is found in Skrikerum, Sweden. 
Lorandite, a sulphide of thallium and arsenic, contains from 59 to 
60% thallium and is found in Macedonia. Hutchinsonite, 
a sulphoarsenide of thallium, lead, silver and copper, has a 
thallium content of from 18 to 25%. This mineral occurs in 
white dolomite of the Legenbach Quarry in the Binnental, 
Switzerland. Vrbaite, found in Macedonia, is a sulphide of 
thallium, arsenic and antimony which contains 29 to 32% 
thallium. 

Thallium is also present in small quantities in a great variety of 
rocks and minerals, such as pyrites, zinc blende, hematite, lepi- 
dolite, muscovite, orthoclase, pitchblende, berzelinite, frenzelite, 
pyrolusite, manganite, carnallite, ete. Owing to its occurrence in 
some of the common minerals, thallium is found in commercial 
products such as zinc, cadmium, platinum, bismuth, tellurium 
and sulphuric acid. Copper pyrites and iron pyrites frequently 
contain thallium. 

Alloys of lead and thallium are somewhat unusual in that they 
have higher melting points than either of the component metals; 
they are used in rather small quantities in special types of electri- 
cal fuses. An alloy containing 10% thallium, 20% tin and 70% 
lead is resistant to the corrosive action of mixtures of sulphuric, 
nitric and hydrochloric acids. This alloy has heen recommended 
for use as an anode for the electrolytic deposition of copper, since 
its corrosion is less than one-fifth that of lead alone. Experi- 
ments indicate that the addition of thallium to lead-base aleve 
markedly improves their resistance to deformation. 

Many uses have been found for thallium compounds. By far 
the most important commercial outlet for the element is the 
utilization of thallium sulphate as a poison for rodents and as an 
insecticide for ants. The sulphate has the advantage of being 
tasteless and odorless. 

Because of their high refracting power, thallium compounds are 
used in the manufacture of certain kinds of optical glass in which 
a high refractive index is required. 

The oxysulphide of thallium is used in the “Thalofide’’ cell, 
which is more sensitive to light, especially that of low intensity 
and long wave length, than the selenium cell. Its electric resist- 
ance drops 50% on exposure to a quarter-foot candle. 

The use of thallium and its compounds to prevent knocking in 





internal combustion engines has been patented. According to 
the patent specifications, thallium or thallium oxide may be 
vaporized outside the cylinder by an electric are or a thal!ium 
compound may be mixed with the fuel or otherwise injected i :to 
the engine. The compounds which may be used include tha!!:.1m 
ethyl, benzylate, phenylethylate, oleate, amylalcoholate ad 
acetoacetate. 

A liquid amalgam containing 8.5% of thallium has been use.’ in 
thermometers for recording temperatures as low as —60°. 

Thallous chloride has found use as a “getter” in tung en 
lamps to prolong the life of the filament. It is one of the ew 
lower chlorides that is more stable than the compound of ‘he 
higher state of oxidation. 

In a study of heavy liquids for mineralogical analyses ‘he 
Bureau of Mines found that the most suitable liquid for sink-» .d- 
float work on minerals of high specific gravity was a water s \\u- 
tion of the double thallous formate-malonate. 

Thallium acetate has been used for the treatment of cer ain 
kinds of tuberculosis and ringworm. At one time it was us: ! as 
a depilatory. 

The demand for thallium and its salts is not large. The only 
compound of thallium that has attained any marked comme: ial 
development is the sulphate, and it is understood that this de- 
mand is being taken care of largely by importations from (er- 
many. No figures covering imports are available. 

Early in 1931 thallium metal was quoted at from $12.50 to $15 
per pound, and the sulphate was salllen at prices ranging irom 
$10 to $15 per pound. 

The discovery of thallium dates back to the early part of 1361, 
when W. Crookes noted a bright green line in the spectrum of the 
selenium residues from a sulphuric acid factory in the Harz 
Mountains; he was looking for tellurium, but spectroscopic 
examination revealed the presence of an unknown element, to 
which he gave the name “‘thallium,”’—‘“from the Latin thallus, 
a budding twig—a word frequently employed to express the 
beautiful green tint of young vegetation in spring.” 

Further details are given in Information Circular 6453, which 
may be obtained from the United States Bureau of Mines, De- 
partment of Commerce, Washington, D. C. 


“¢- 


Dr. Robert F. Mehl, formerly Superintendent of the Division 
of Physical Metallurgy, at the Naval Research Laboratory, Joins 
the research staff of the American Rolling Mill Company, Middle- 
town, Ohio, this month. 


*¢e 


L. W. Spring and A. L. Boegehold, members of the Editorial 
Advisory Board of Mrerats & AuLoys have been selected by the 
American Foundrymen’s Association, respectively, to present the 
1931 exchange papers before the Institute of British Foundrymen 
and the European Foun Congress, the latter to be held in 
Italy. The other 1931 exchange papers are by H. M. St. John, 
before the Association Technique de Fonderie de France, and by 
H. P. Evans, before the Bureau of Steel Manufacturers 
Australia. 





Microstructure 


of PEARLITE 


BY H. E. PUBLOW’* AND C. HEATH’ 


HE recrystallization changes which occur in iron and 
steel on being heated or cooled through the critical tem- 
peratures have long attracted the attention of both 
metallurgists and physicists. Far more study has been given 
to the effects of rapid cooling through the critical temperature 
than to the effects of normal, slow cooling, as it was considered 
that the latter was pretty well understood. There are, how- 
ever, some phases of the transformations on slow cooling 
h might well be investi- 
|. For instance, is 
ite a mixture of fine 
of ferrite and cemen- 
r does it consist of a 
of ferrite subdivided 
merous lamellae of 
tite? 
tenite is generally re- 
as a solid solution 
on or iron carbide in 
1 iron and is crystal- 
nature. When the 


rature of this solid a some added light on the subject. 
s lowered sufficiently 
it ystallizes into two 
p . This may also 
it the formation of certain carbides of iron. Whether 
if or not, the transformation must cause a tremendous 
uy al in the crystalline structure, for it is accompanied by 
4 iderable expansion of the metal. 
us take, for example, low carbon steel. At a tem- 
pe e well above the upper critical. point, the metal will 
con ist of a fairly homogeneous solid solu- 
ti \t least each grain will be homo- 
geneous, although the composition may 
vary from grain to grain. On cooling, no 


change takes place until the upper critical 
temperature is reached. According to the 
equilibrium diagram, when the temperature 
has fallen to the A; point, the solid solution 
begins to recrystallize, throwing out of 
solution a new phase, ferrite. This phase 
is not pure alpha iron, but a new solid solu- 
tion of carbon in iron, containing a very 
small percentage of carbon. According 

to the diagram, the first particles or crystals A 


of this new phase would be infinitesimal in Fig. 1. Sketches of pearlitic areas show- 
ing two possible types of crystallization. 
A, showing the cementite particles in a 
ferrite matrix. 
ferrite and cementite. 


size. Practically, however, nothing hap- 
pens until the internal energy builds up 
sufficiently to overcome the inertia of the 
mass, thus the temperature where the 
change begins is lower than the A; point, 
or at the Ar; temperature. Since there is a sudden releasing 
of internal energy, the Ar; point is shown by a considerable 
evolution of heat, which becomes less as the temperature 
drops toward the lower critical point. By the time the 
latter is reached the remaining austenite has become satu- 
rated with carbon. Further lowering of the temperature 
causes this saturated solution to recrystallize into two 
* Michigan State College. 


E use many words glibly, and are prone 

to believe that we understand all 

about the things thus named. But when 
we stop to consider, we are really quite ig- 
norant about many ofthesethings. Metal- 
lurgists use the term ‘‘pearlitic structure”’ 
so frequently that most of them assume 
that there are no moot questions about that 
structure. That we do not know all we 
ought to know about pearlite, is brought 
out in the article below, which also throws 





phases, ferrite and cementite. The size of the crystals of 
these two phases depends upon the length of time allowed 
for this recrystallization. 

Let us consider the decomposition of a single grain of aus- 
tenite. When ferrite is produced from austenite by recrystal- 
lization, the type of crystal produced is entirely different 
from that which gave it birth. Carbon being only slightly 
soluble in this new phase, the carbon particles must migrate 
from their old position into the remaining 
austenite, or else be mechanically held in 
the newly formed ferrite. If the cooling 
rate is slow enough, practically all the 
carbon will be expelled from the ferrite 
into the remaining austenite. Apparently 
the ferrite, which is produced between 
the Ar; and Ar, temperatures, first forms 
in some definite portion of the austenite 
grain and not in minute particles all 
through the grain. If on slow cooling 
numerous particles of ferrite were thrown 
out of solution at the Ar; temperature, 
there would tend to form from each 
austenite grain a number of ferrite grains. 
Instead of this being true the size of ferrite 
grains seems to be governed in large 
measure by the size of the mother austenite grains. This, 
of course, does not hold true on rapid cooling. 

As the temperature is lowered and the amount of ferrite 
increases, thus decreasing the amount of austenite, the latter 
becomes richer in carbon as this is the only place that the 
carbon can go and still remain in solution. The ferrite which 
is being formed is con- 
tinuously changing in com- 
position due to slight differ- 
ences in the solubility of 
carbon in alpha iron at the 
various temperatures. This 
may mean that the ferrite 
might consist of many tiny 
crystals, submicroscopic in 
size, or possibly the mecha- 
nism of  recrystallization 
may be such that the new 
ferrite grain is just one 
crystal. A large percentage 
of the impurities in the 
metal are located in the 
B, showing fine grains of grain boundaries of the 
austenite, and since most 
of these impurities are as 
insoluble in ferrite as in 
austenite, their location during the recrystallization would 
tend to remain unchanged. On etching the polished surface 
of such a specimen, the boundaries of the old austenite grains 
would appear first. Thus, there is a possibility that the new 
ferrite grain which is produced on slow decomposition between 
the Ar; and the Ar, temperatures may consist of many small 
crystals, too fine to be distinguished under the microscope. 

As the metal passes through the Ar, range, all the remain- 
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Fig. 2. Low car- Fig. 3. Annealed 
bon steel with a low carbon § steel 
light nital etch, ap- showing a boundary 
parently showing separating the fer- 
cementite precipi- rite from the pearl- 
tated in a matrix of ite. Mag. 2000. 
ferrite. Mag.2000. 


ing austenite is decomposed into ferrite and cementite. If 
this decomposition has taken place slowly, the ferrite and 
cementite will separate out into two distinct phases. The 
old austenite grain has therefore been transformed into a 
new grain consisting of two phases, and which may consist 
of many new crystallographic units, only the outlines of the 
old grain remaining. Fig. 1 shows two possible grain forma- 
tions. As shown in A, Fig. 1, it would mean that the ce- 
mentite particles lay imbedded in a portion of the ferrite 
crystal. As shown in B, Fig. 1, the pearlite portion would 
consist of small crystals of ferrite and cementite. The pearlite 
would be separated from the adjoining ferrite by a grain 
boundary. 

Fig. 2 is a micrograph showing the structure of low carbon 
steel at 2000 diameters. In this picture it looks as though 
the cementite particles lay embedded in a matrix of ferrite 
as shown in Fig. 1-A. If we etch the polished surface a little 


Fig. 6. Annealed, Fig. 7. Low car- 


low carbon steel bon steel with scat- 
showing a_ grain tered areas of ce- 
boundary separat- mentite, showing 
ing two areas of grain boundaries 


pearlite. Mag. 2000 in the ferrite. Mag. 


x. 2000  . 


Fig. 4. Annealed Fig. 5. Annealed 
low carbon § steel low carbon steel 
showing a boundary showing a boundary 
separating the fer- separating the fer- 
rite from the pearl- rite from the pearl- 


ite. Mag. 2000. ite. Mag. 2000. 


more carefully, so as to bring out the grain boundaries . 


ferrite we find such structures as are shown in Figs. 3, 


and 6. In these pictures one can distinguish marked b 
ary lines between the ferrite and pearlite areas. In | 
a grain boundary can be seen passing through a pe: 
area. This means that in two austenite grains the p 
areas formed next to each other, but did not merge tog: 


In this series of pictures there are apparently no grain bo: 


ries within the pearlite. Particularly in Fig. 3 it lo 
though the cementite lay imbedded in a matrix of ferr 
Several more samples are shown in Figs. 7, 8 and 9. 
steels were heat treated so as to scatter the cementite. 
scattering was done by reheating the slowly cooled st 
1250° F. for several hours and slow cooling. The 
mens were etched so as to bring out as many as possi 
the grain boundaries. Since this semi-spheroidal cem 
was produced by heating lamellar pearlite for a long | 


Fig. 9. Low car- 
bon steel with scat- 
tered areas of ce- 


Fig. 8. Low car- 
bon steel with scat- 
tered areas of ce- 


mentite, showing mentite, showing 
grain boundaries in grain boundaries in 
the ferrite. Mag. the ferrite. Mag. 
2000 x . 2000 x . 
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Fig. 10. Low carbon steel air Fig. 11. Low carbon steel annealed 


cooled from slightly above the Ac, at 1850° F. Mag. 100. 


range. Mag. 100. 


of ie below the lower critical temperature there must 


ha een some inter-granular movement, the cementite 
lo » in the grain boundaries of the ferrite. Pearlite then 
n sibly consist of small grains of ferrite and cementite, 
rat than a large grain of ferrite with cementite particles 
imbe ed in it. 

On reheating, the mechanism of recrystallization is some- 
wh ifferent. On passing through the lower critical tem- 
pel - the ferrite and cementite in the pearlite are trans- 
for into a new crystalline mass of solid solution. As 
this lves a considerable movement of the atoms of iron 
and ion, this solid solution of austenite upon being first 
for probably consists of many small grains. If we cool 
as ien of low carbon steel from just above the lower 
critica! temperature, which before heating was in an annealed 
con , we get a structure such as shown in Fig. 10. Fig. 
11, s the structure of this steel before heating. 

O ther heating more and more ferrite is transformed 
into tenite. This requires at the same time a move- 
ment of the carbon atoms into solution in the iron which is 
being transformed and therefore there must be a continuous 
recrystallization going on. If a sufficient time has been 
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Fig. 12. Low carbon steel which 
has had the following heat treat- 
ments: Annealed at 1850° F. and 
having a structure as shown in Fig. 
11, then heated to 1600° F. and slow 
cooled. This shows a considerable 
reduction in grain size. Mag. 100. 


allowed for the solution to take place, by the time the upper 
critical temperature has been reached the newly formed 
austenite will consist of many small grains. If such a steel 
is cooled to room temperature, so as to allow normal pearlite 
to form, it will be much finer in grain than the original. Such 
a structure is shown in Fig. 12. 

If we repeat the heat treatment again very little more 
refinement results, and after several heat treatments the 
grain size seems to reach a minimum. This is due to the fact 
that there is a lag between the criticals on heating and cool- 
ing which gives time for some growth of the austenite grains, 
even though cooling is started as soon as the Ac; tempera- 
ture is reached. Due to this difference in mechanism of 
recrystallization on heating and cooling through the critical 
range we have a means of controlling grain size within cer- 
tain limits in hypo-eutectoid steels by heat treatment alone. 

Apparently then, there is a great deal to be explained 
regarding the transformations taking place on _ passing 
through the critical range of simple hypo-eutectoid steel even 
upon slow heating and cooling. If this change were better 
understood, it would probably clarify some disputed points re- 
garding the structures produced in rapidly cooled steels. 


“¢¢¢ 


INDUSTRIAL CONFERENCES 
AT CASE 


In an endeavor to bring together executives and engineers 
for the consideration of certain phases of engineering progress, 
C ase School of Applied Science and The Cleveland Engineering 
Society last year started a series of Educational Industrial Con- 
ferences, held at Case, at which papers are presented by capable 
speakers followed by a general discussion of the subject by those 
interested. The intention is to acquaint those active in en- 
gineering and manufacturing development with the latest prog- 
ress In some particular field in the hope that application of such 
knowledge will be stimulated. 

In the Spring of 1931, three conferences were held—on High- 
ways, Welding and Electrical Control in Industry—with 
considerable success. The conference on Welding had a regis- 
tered attendance of 355, exclusive of Case faculty and students. 

Jemonstrations of welding equipment drew much interest. 
Plans for the academic vear 1931 —1932, include conferences on 
the following subjects: — 
Metals and Alloys—November 
Air Conditioning—January 
[Industrial Fuels—March ~ 
be - conference on Metals and Alloys, scheduled for Novem- 
r 18th, 19th and 20th, will be arranged to appeal to three groups: 


1. Architects and structural engineers—treating the use of 


alloys in building and decoratien. 


2. Power and process engineers—treating the use of alloys 
requiring resistance to corrosion, high temperature, wear, 


fatigue. 


3. Design and product engineers—treating the use of alloys 
in the manufacture of machines, aircraft and other products. 
This would include high strength, light weight alloys, bearing 


alloys, cutting alloys, hard alloys, etc. 


There will be overlapping of interests in the various groups, 
and an effort will be made to bring common interests together on 


the program. 


Fully qualified speakers will be selected with no limitation 
upon affiliation or location. Demonstrations and _ exhibits 
of specimens and equipment will be conducted in the laboratories. 
These will include complete die casting process with physical 
tests, and X-ray examination; welding of special alloys; archi- 
tectural and structural alloys; physical and metallurgical tests 
on and exhibits of light-weight alloys, stainless steels, ‘‘monel 
metal,’ “‘brass,”’ “nickel silver,”’ etce.; exhibits of alloys with 
special properties for endurance, corrosion resistance, wear, 


hardness, etc. 
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At left, a battery 
of Homo normaliz- 
ing furnaces. At 
right, a battery of 
Homo heat treating 
furnaces. (Leeds & 
Northrup Co.) 





O YOU havea furnace or oven in your plant performing 
D a metallurgical operation? Have you forgotten that 

furnace located back in the corner of the shop or in 
that lean-to put up in an emergency some years ago? Is it 
doing a good job? Have you questioned the capacity or 
efficiency of the installation, in comparison with that of your 
competitor? 

Check up on the old furnace and you may discover how to 
improve the quality or greatly reduce the cost of the opera- 
tion. Ask yourself the following questions: Are you using 
the most economical fuel? Can you use recuperators? Will 
mechanical operation and automatic control eliminate the 
human element? Do you have sufficient furnace capacity? 
Are you constantly replacing certain parts? Can your 
operation be made continuous? Is your floor space limited? 
Do you have a record of furnace operation? Can more than 
one operation be combined in a single unit? How can this 
process be improved and its cost reduced? 

An answer to these vexing questions, directly applicable to 
your conditions or so nearly so as to require little modification, 
almost certainly exists. Many minds have been working on 
these problems in recent years. Over and over again, furnace 
engineers have designed specific furnaces for various opera- 
tions producing uniform results with high efficiencies. 

Some outstanding installations in furnace design and prac- 
tice are briefly described and illustrated below. The list 
might be very greatly extended, and these are chosen merely 


HEAT TREATING or similar furnace used 

to be just a furnace—a pile of bricks and 
a burner. Nowadays it is a machine, designed 
to produce whatever temperature-time cycle 
is required by the work in hand, and with a 
minimum of labor and attention. 

Any good machine generally produces more 
uniform results than any good workman using 
hand methodscan. It is this need for uniform 
high quality at a rapid production rate that 
has mechanized the quantity heat treatment 
game. The labor saving is important, of 





MODERN! 


BY RICHARD F 


as examples that show what can be accomplished by installing 
modern equipment and up-to-date operating control. 


Vertical Continuous Rod and Tube Hardening Furnace 
(American Electric Furnace Company) 


The furnace is of the regular pit type construction with a 
multiple retort. These retorts are charged at intervals 
depending on cross section of material, and are controlled 
by a clock which operates on a range as low as five seconds. 
The furnaces are 90 kw. rating with over-lapping three 
zone control, each zone 3 phase, 230 volts. The eight re- 
torts in each furnace are approximately 4 inches diameter 
by 6 feet deep, and rotate on ball thrust and roller bearings. 
The retorts are charged at the top and, when the cycle is 
complete, discharge automatically into quench. ‘The 
quenching bath is continuously circulating, and is both 
cooled and then electrically reheated before entering quench 
tank, so that a uniformity within 5° F. is constant. This 
very close quenching control has been found necessary on 
high carbon thin sections, like a steel golf shaft where the 
least difference in grain structure is disastrous. Each furnace 
has a continuous production capacity of nearly 800 Ibs./hour, 
and is being operated on a 24 hour basis. 


Electric Lavite Furnace for Silver Annealing 
(Bellis Heat Treating Company) 


Heating the bath by its own resistance is a new feature in 
salt bath furnaces. The current is led to the furnace through 
metallic conducting electrodes and the heat is generated 
within the bath rather than applied externally as heretofore. 
The pot is 7 feet long by 2 feet wide by 2 feet deep and oper- 
ates at 1350° F. and has a capacity of 3500 Ibs. of silver per 
hour with the cover off 25% of the time. An evaporator 


course, and the better thermal efficiency of a 
properly designed furnace cuts the bills for 
fuel or electricity, but those savings would 
seldom show a big profit over the old methods 
if there were the same percentage of rejections. 

The mechanized furnace shines by its ability 
always to do the same thing in the same way- 








i] FURNACES 


DE RIMBACH 


recovers the salts dissolved in the quenching tank, reducing 
the operating cost. 

: practice is to charge 750 lbs. of silver in the furnace for 

utes then, after rapidly quenching and rinsing, it is 
r ‘for the next rolling operation in 12 minutes whereas 

r annealing required more than an hour. The quality 
al niformity of the annealing are contributory to the re- 
duction of power required for rolling. A more recent installa- 
tion, with a larger pot and 250 KVA rating, handles 4000 
p is per hour in 900 lb. charges in 12 minute cycles. 


Continuous Forge Furnace 
(Costello Engineering Company) 

lhe furnace is used to heat small blanks continuously which 
are forged under a steam hammer. The blanks are pushed 
through the furnace by means of an oil hydraulic pusher. 
The pusher, oil pump, motor and small storage tank are 
combined in a self-contained unit. 

The hearth is constructed of a plastic chrome refractory 
with a series of “V’’ grooves extending the length of the 
furnace. The square stock is pushed through these grooves 
laid end to end. Burner equipment is so designed and 
arranged to give the longest possible flame travel. The gas 
and air are both delivered under positive pressure so that a 
given fuel air ratio can be maintained under any pressure 
condition existing in the furnace. 

Automatic temperature control also operates the dampers 
providing the escape of waste gases in proper proportions to 
maintain a neutral atmosphere in the furnace. 

Heat Treating Oven 
(Despatch Oven Company) 


lhe Type H air drawing oven enables air drawing and 
tempering quickly, uniformly and economically. It is de- 


If, then, the metallurgist correctly chooses 
his steel or other alloy and controls it for uni- 
formity and then purchases that type and 
make of furnace-machine that will without 
fail give the temperature-time cycle he must 
have, the parts come out uniform as to prop- 
erties and machinability, and rejections drop 





Heating furnaces 
for 32 inch strip 
mill. Each furnace 
has a capacity of 40 
tons per hour. 
(Chapman - Stein 
Company.) 





signed for all low temperature heat treating and air drawing 
requiring a maximum temperature of 800° F. 

The oven is of the double wall type. Between the heavy 
steel walls are 5 inches of high grade insulation holding the 
heat losses to a minimum. A third wall or lining forms the 
interior working chamber, providing an air space between the 
second and third walls. At the top of the oven is a vertical 
motor and fan, and in the bottom is the gas heating system. 

The purpose of the third wall is to form a baffle so that the 
heated air may rise to the top of the oven without entering the 
working chamber. This flow of air to the top of the oven is 
accelerated by the fan, which forces the heated air down on 
the parts in the chamber which are being treated. 

On each side near the bottom of this inner wall are slots 
through which the heated air leaves the working chamber and 
is mixed with air rising from the burners and is again raised to 
the proper temperature upon reaching the fan at the top. 
Recirculation means a great saving in gas, for instead of 
heating the air from room temperature to that required for 
the tempering process, it is only necessary to raise the tem- 
perature of the recirculated air 5° to 10° F. 

A special fan forcing the heated air down on the work 
uniformly, permits a guarantee of +5° F. variation in the 
working chamber. Further assurance of uniformity is fur- 
nished by a vapor tension thermostatic control system 
operating in conjunction with a relay and motor driven valve 
in the gas supply line insuring positive control. 


to such a point that it may well mean for his 
firm the difference between red and black. 

Even when the metallurgist is not so fortun- 
ate as to be called upon for quantity production 
that would justify complete mechanization, 
the same general principles hold for smaller 
scale, batch operations. Design that makes 
for uniformity of heating, automatic tempera- 
ture control and continuous records, together 
with better thermal efficiency, can be had in 
modern furnaces and will vastly help in lower- 
ing rejections and lowering costs. 
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Tunnel type annealing kiln. 


Oil Fired Continuous Forge Furnace 
(Electric Furnace Company) 


This forge furnace has a grooved hearth permitting the 
handling of various sizes and lengths of rounds and squares 
with ease. There are eight rows of stock in the furnace, each 
pushed by individual pusher heads of the cam and lever type, 
allowing individual discharge alternately from each row. 

The furnace is elevated on structural steel supports—the 
work is discharged through a slot in the bottom of the furnace 
and conveyed by a chute to the hammer operator. 

An increase of production of 100% over that produced with 
a conventional slot type furnace and a saving of over 50% in 
fuel are claimed. Accurate temperature control has entirely 
eliminated overheated material and scaling is reduced to a 
minimum. 


Vertical Continuous Enameling Furnace 
(Ferro Enamel Corporation) 


The vertical continuous enameling furnace is developed to 
combine the economies of continuous operation in a smaller 
sized production unit, together with low maintenance, less 
floor space, greater accessibility and higher firing efficiency. 


(Swindell Dressler Corporation.) 


The principle of the vertical furnace operation is to provide a 
convenient loading and unloading place and to have the fusion 
take place in an enclosed chamber convenient to the loading 
place, but enough removed to allow cool working conditions. 

The ware is carried on burning tools mounted between 
parallel conveyor chains guided by sprockets, attached to the 
steel shafts. The burning tools project downward from the 
chains at all times; being free moving, the ware is always in 
the vertical plane. 

The ware is loaded on the tool on the lower chain traveling 
away from the furnace, over the sprockets, attached to the 
drive unit of variable speed, then back into the preheater 
which is above the outgoing burned ware, absorbing the heat 
from the tools and ware coming from the firing zone. From 
the preheat zone, the ware passes upward into the firing 
chamber, a vertical, insulated and sealed shell, containing 
the heating medium, then downward to the cooling zone. 

The only moving parts in the firing zone are the tools, 
chains and ware, the sprockets being outside of the furnace. 
Throughout the system there is an exchange of heat from the 
work leaving the firing zone to that entering, giving a slow 
heating and cooling of the ware. Slow heating minimizes 
warpage of the metal and subsequent chipping of the enamel. 





This illustration shows old and new methods. An old slot type forging furnace is shown in the 
foreground. An oil fired continuous pusher type billet heating furnace is shown in the rear. 
(Electric Furnace Company.) 

















Vertical continuous rod and tube 
hardening furnace. (American Elec- furnace. 






Electric High Speed Steel Heat Treating Furnace 
(C. I. Hayes, Inc.) 


nstallation consists of a preheating furnace operating 


at 1 atures around 1600° F., and a furnace for hardening 
at ratures up to 2400° F. Both furnaces are equipped 
wil e attachment for controlling furnace chamber atmos- 
phi o prevent scaling and decarburization. The method 
Col of introducing combusted gases into the working 
cha! in such a manner as to form a transparent curtain 
of isted gases across the throat opening, and also filling 
the ice chamber, displacing all oxygen bearing atmos- 
phere and preventing entrance of oxygen from the outside. 
T| iume of the curtain is increased as door is opened and 
dec | when door is closed. An arm and lever attached 
to perating mechanism operates a by-pass valve which 
ac shed this result automatically. In the operation of 
this trol the furnace operator has complete control and 





Continuous forge furnace. 





Bright annealing electric conveyor 
(Process Engineering & Company.) 
tric Furnace Company.) Equipment Corporation. ) 


(Costello Engineering Company.) 
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Drawing oven. (Despatch Oven 


can adjust the atmosphere according to requirements. By 
varying the proportionate amount of air and gas a very rich 
or very lean mixture can be maintained which has a distinct 
advantage in its relation to producing various structural 
conditions in the steel. 


Vertical Retort Carburizing and Nitriding Furnace 
(The Hevi Duty Electric Company) 


The Hevi Duty electric furnace, of the vertical retort type, 
for both carburizing and nitriding processes, when applied to 
carburizing uses Carbonal, a special liquid blended to produce 
when vaporized a gas high in hydrocarbons, as a carburizing 
medium. The Carbonal is introduced into the hot furnace 
retort by a drip feed attachment, being immediately cracked; 
nascent hydrocarbons are released which react on the surface 
of the charge. Unused or excess gases are vented. 

In the cover of the retort is a motor-driven centrifugal fan 
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for circulating the hot gases, assuring uniform penetration to 
all parts of the charge. Labor required for packing, as well 
as carburizing compound, have been eliminated as contact of 
parts does not have any effect upon the case. The time of 
heating up to the carburizing temperature is reduced approxi- 
mately one-half as no box or compound is required. For a 
depth of case of 12 to 15 thousands on SAE 1020 steel the 
carburizing time has been reduced one hour. Uniform case 
depths and carbon content are found throughout the charge. 
The carburizing temperature is somewhat lower than when 
using compound. 


Homo Electric Heat Treating Furnaces 
(Leeds & Northrup Company) 


Twenty Homo furnaces are in this installation for both 
normalizing and final heat treatment of bolts and rivets. In 
normalizing upset products it is necessary to relieve all forging 
strains before subsequent heat treatment, requiring a close 
range of temperature as well as proper furnace atmosphere to 
prevent scaling. The batch type furnace is especially adapted 
for bolts and rivets as there is need for flexibility due to the 
great variety of sizes and grades. The bolts are not jostled, 
preventing battered threads and bent bodies. 

A batch of work in a cold Homo furnace takes only half an 
hour longer to come up to temperature than when the furnace 


IS hot. 


Continuous Cleaning, Dipping and Baking Oven 
(Paul Maehler Company) 


This equipment was installed for high production handling 
of brake drums, parts and housings for “‘Midland”’ automobile 
brakes, automatically cleaned and coated in a continuous line. 
The method of handling is by hooking parts to a two strand 
bar flight conveyor, running 5 ft./min. through successive 
sequences of load, cleaning, drying, cooling, dipping, drain- 
ing, baking, cooling and unloading. 

Machines of this type are designed to clean by pressure 
velocity rather than boiling water temperatures. The water 
is carried at 150° F. and is delivered through a 600 g. p. m. 
recirculating pump at 35 lbs. pressure rain spray above the 
work in transit. The pass through the washing machine 
provides only three minutes of time, traveling horizontally ; 
the work then passes immediately into a two pass vertical 
drying section built of a 3” insulated sectional panel and 
heated to 400° F. from a high-pressure gas burner thermo- 
statically controlled. The work is conveyed, therefrom, 
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through an air locked opening into the cooling, dipping and 
draining section. 

The dip tank contains 450 gallons of black japan, and 
complete draining is accomplished in 10 minutes. After drain- 
ing the work proceeds into an air locked sectional panel type 
oven insulated 4” thick on all surfaces. The conveyor 
loops are of the multiple pass type, making seven vertical] 
passes, which provides 90 feet of travel in an oven 17 feet long, 

The oven is heated by a recirculative-incinerative type 
direct gas fired heater to 450° F. An insulated recirculating 
duct system exhausts the vapors, given off by the work, to the 
body of the heater and through its burner to the oven, insuring 
a constant circulation of oven atmosphere through the heater 
approximately five times per minute. 

The heater is a double steel jacketed type with a single low 
pressure section burner fitted with a double steel housed and 
insulated high temperature fan. 

Safety equipment is provided for fire, current failure, in- 
sufficient fuel pressure and failure of supply fan to function, 
A visible pilot is provided with spark plug ignition, controlled 
by an intensifier and a motor operated actuator timed at 
five second intervals. 


Bright Annealing Electric Conveyor Furnace 
(Process Engineering & Equipment Corporation) 


The furnace is of a variable speed continuous conveyor type, 
having a belt width of 12 inches and a heating chamber 
length of 72 inches, and will bright anneal 600 lbs./hour of 
brass or nickel silver blanks or stampings. The material is 
placed directly on the conveyor belt and moves through the 
heating chamber, with annealing conditions of temperature, 
time and furnace atmosphere, automatically controlled. 
The material comes from the cooling chamber bright, clean 
and dry, ready for succeeding operations without tumbling, 
pickling or cleaning. Additional economies were secured in 
reduction of stamping operations, direct labor and increase in 
die life with lower polishing costs. 


Continuous Copper Billet Heating Furnace 
(Ryan, Scully & Company) 


This furnace in many ways represents a radical departure 
from the ideas and types of construction heretofore associated 
with the heating of copper billets. It is oil fired and is of the 
two row split flame type. The normal capacity is heating 
60,000 Ibs./hour of cast copper billets weighing 250 lls. each 
to 1750° F. 
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ening furnace. 
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Upper left) Vertical continuous enameling furr:ace. 
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There are 10 low pressure recuperative type oil burners, 
5 located at the extreme back end of the furnace firing over 
the tops of the billets, while the other 5 fire longitudinally 
under the billets, between the piers supporting the skid rails, 
permitting the billets to absorb heat from the hot gases which 
completely surround them. 

Air for combustion is preheated in a recuperator to 400° F. 
and carried to the burners in insulated pipes. Provision is 
made for preheating the oil if necessary. Automatic tempera- 
ture and pressure control, divided into two zones, is used. 
One unit controls the operation of the top burners while the 
other controls the lower burners. The control valves are 
specially fitted for controlling preheated air and are equipped 
with valves for operating the stack dampers automatically. 
Fuel consumption averages 5'/, gallons of oil/ton of copper 
heated on a 50% capacity operating schedule. 

As it is essential in heating copper billets to maintain a 
slightly oxidizing furnace atmosphere a 2 point CO, recorder 
is used to assist the operator in the setting of the control 
valves and dampers. 

_ There are heat resisting alloy skid rails and guides along the 
side walls and between the two rows of billets. The billets 
are pushed through the furnace in two rows by means of 
straight line pushers operated by oil gear pump and cylinders 
working alternately so as to give a constant discharge. 


Ferro Enamel Corporation. 
nd of oil fired continuous automatic grooved hearth pusher type billet heating furnace. 
(Center) Continuous cleaning, dipping and baking oven. 
(Lower left) One-way fired soaking pits. These pits have been largely responsible for the adoption 
‘ the one-way fired principle as opposed to the old method of reversed firing. 
(Lower right) Continuous copper billet heating furnace. 
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(Upper right) Charging 
(Electric Furnace 


(Paul Maehler 


View from loading end. 


(Surface Combustion Com- 
(Ryan, Scully & Company. 


One Way Fired Soaking Pit Furnace 
(Surface Combustion Company) 


This furnace is as its name implies non-reversing and is 
fired through burner ports located at one side toward the top 
of the pit holes and the waste gases are taken out of ports 
located in the same side walls toward the bottom of the pit. 
In place of regenerators in the pit, Chapman-Stein refractory 
tile recuperators are used. Coke oven gas is the fuel used 
in installation shown. Other fuels can also be used. The 
fuel is admitted to the pits direct while the air for combustion 
is heated to about 1000° F. after passing through the re- 
cuperators. The features of this type furnace are: uniform 
heating, small floor space, simplicity of operation, low main- 
tenance, low fuel consumption and scale condition of the ingots. 


Continuous Billet Heating Furnace 
(Surface Combustion Company) 

Two continuous billet heating furnaces recently installed 
serve a 32-inch strip mill. Each furnace is 18 feet wide inside 
the brick work by 60 feet effective length and is rated at 40 
tons/hour. The billets are charged into these furnaces at one 
end and carried through on water cooled skids up to a point 
about 12 feet from the discharge slope, where they are carried 
over a soaking hearth to remove the skid marks and soak the 
steel. They are discharged by gravity on to the roll table. 
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Electric high 
speed steel heat 
treating furnace. 
(C. I. Hayes, Inc.) 





The furnaces are oil fired with three sets of burners. One 
set is located below the skids for heating the steel before it 
reaches the soaking hearth. Two sets of burners, one directly 
above the other, are located in the firing chamber above the 
steel—the top set for heating the steel back in the furnace 
while the lower set controls the temperature in the soaking 
hearth. 

Oil burners, mechanically atomizing, are used, eliminating 
the cost of pressure air or steam. The furnaces are equipped 
with Chapman-Stein refractory recuperators located below 
the hearth and are of the natural draft type. 


Tunnel Type Annealing Kiln 
(Swindell-Dressler Corporation) 


The Dressler tunnel type annealing kiln is 182 feet long, 
holding 22 cars of 18 pot capacity or approximately 9000 Ibs. 
of castings per car. When a loaded car is pushed in, a finished 
car is pushed out the opposite end by means of a 100 ton 
hydraulic ram. When operating at capacity, a car is pushed 
in every 5'/, hours, making a complete cycle in 120 hours, 
producing about 20 tons of annealed castings every 24 hours. 

There are three heating zones in the kiln. The first is 
maintained at 1700° F. for heating. In the second, or inter- 
mediate cooling zone, which is cooled by omission of insulation 
and the construction of special flues, built in the sides of the 
oven, the temperature is allowed to drop from 1700° to about 
1400° F., quite rapidly. In the third or final cooling zone, 
the temperature is held at about 1400° F. for about 20 hours 
by use of auxiliary burners after which it drops again quite 
suddenly to about 1000° F. when the car is removed. 

The kiln is fired with washed gas of a B. t. u. value of about 
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160, made from buckwheat size anthracite coal which is fed 
mechanically into a gas producer. 

Outstanding feature of the tunnel type kiln is the accuracy 
to which temperatures, both heating and cooling, may be 
controlled, resulting not only from efficient construction and 
equipment of the kiln, but because of the lesser cross-section 
of the source of heat, which reduces serious temperature lags 
toaminimum. The pots are protected from the atmosphere 
of combustion as the heating zone is muffled from the com- 
bustion chambers and the actual heating is by induction of 
heat through specially constructed walls. 


Sheet Mill Furnace 


(Wean Engineering Company, Inc.) 


To modernize sheet mills the Wean Engineering Company, 
Inc., developed continuous pack heating furnaces that would 
heat at a higher rate and discharge the material without 
physical labor. The important features in the furnace are the 
use of a small number of large burners and the firing by means 
of a “Radiant Gap’ construction which is so designed as to 
circulate hot gases around the material instead of throwing 
the flame from the burners directly into the furnace chamber. 

A pair furnace identical with the pack furnace has been 
introduced to permit similar econo nies on the rough mill. 
In addition these furnaces have sufficient flexibility to permit 
the producer to use conventional bar, wide thin bar, termed. 
break down bar or plate strip for breakdown purposes. 

Mechanical feeders and catchers on both the rough mil! and 
finishing mills together with a continuous hot mill polisher for 
the rolls make it possible for the sheet mills to compete with 
the wide strip mills. 
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Electric Lavite 
annealing furnace. 
(Bellis Heat Treat- 
ing Company.) 





















Keeping DURALUMIN Rivets 
Workable with DRY ICE 


BY E. P. DEAN* 


HE fact that there is, at room temperature, but a brief 
period subsequent to quenching but prior to aging, during 
which the mechanical properties of duralumin are ideal for 
forming operations, has led to considerable experimentation t 
on the retarding of the age hardening of duralumin in order to 
protract its useful formative period, by using ice to keep it 
cold. 
The Boeing Airplane Company of Seattle has recently 
demonstrated the use of ‘“‘dry ice” (solid carbon dioxide) as a 
convenient method of retarding the aging. The tests have 


shown a material saving of time and expense. 

\ietals, particularly duralumin, are being increasingly used 
in the construction of airplanes of the Boeing Airplane Com- 
pa nd consequently the development of this use of ‘dry 
ice regarded as extremely important. 

e effective, duralumin rivets had formerly to be used 
wit . fifteen-minute period directly following the heat- 
tr and quenching. The rivets are heat-treated in 
molten salt at a temperature of 950° F. Formerly, therefore, 
it 1 ecessary that the duralumin heat-treating unit of the 


in continuous operation, and that boys constantly 





This photograph shows a dry ice box in use in a section 
of the Boeing’s sheet metal department where a dural 
aileron is being assembled by riveters. 


supply riveters with fresh rivets, returning the old rivets which 
had passed the fifteen minute limit, for re-treating. When 
riveting work was necessary at the company’s hangar, located 
at some distance from the factory proper, the problem of 
transmitting fresh rivets from the heat-treating plant to the 
hangar at frequent intervals was difficult. 
_Immediately following the heat-treating and quenching, the 
rivets have only about the hardness of annealed duralumin. 
Within a comparatively few minutes after quenching, age 
hardening begins, and after a maximum period of thirty 
minutes, the rivets become so hard that they split when used. 
A test was made with sample '/;-inch rivets. These were 
lung von Duralumin Metaligiriaken Wel 6 hen 2 noe ref 
and E. H. Dix, Jr. and F. Keller. Experiments on Retarding the Age Hard- 
In: 


taal . Duralumin. Paper before stitute of Metals Division, American 
ute Mining and Metallurgical Engineers, Sept. 1930. 





heat-treated, quenched and immediately cooled to a tempera- 
ture of approximately 10° F. After an entire week at this 
temperature, examination showed that the rivets had not 
aged appreciably, and they hardened only slightly after a 
two-weeks’ interval. 

Boeing Airplane Company selected ‘dry ice’’ as a refrigera- 
ting medium instead of ice water as used in experiments 
elsewhere. Rivet boxes were specially constructed with 
interior dimensions of 9 by 11 inches and 5 inches deep. 
Around this was placed a 38-inch layer of balsa wood for insula- 
tion, and the whole was housed in a shell of */,-ineh fir ply- 
wood. A small compartment was fabricated of screen for the 
“dry ice’ and screen trays were installed for the rivets. 
Screens were used to permit effective circulation of the cold. 
Ten of these boxes were constructed, as well as a larger master 
storage box, and these are now in use. 

The “dry ice” is wrapped in paper before being placed in 
the box for the reason that the ice without wrapping creates a 
temperature lower than necessary. The average temperature 
in the box is approximately 30° F. 

Each morning, the Boeing heat-treatment department pre 
pares an adequate number of rivets to supply all departments 
in the plan for the day. Immediately after quenching, these 
rivets are distributed in the boxes to the various departments. 

At the present time, riveting is being conducted in the 
brazing department, the machine shop, the wing room, the 
final assembly department and, occasionally, the hangar. 
Of course, the major share of the riveting is confined to the 
sheet metal department. 

Considerable reduction of the expense was reported, with 
only 100 pounds of “dry ice’ required weekly for the rivet 
boxes, 





This Laapd ¥ oe, shows the dry ice box developed by 


engineers of the Boeing Airplane Company for the storage 
of heat-treated dural rivets. The use of this refrigeration 
permits heat-treated and quenched rivets to be kept over 
a period of hours before being used without being affected 
by age hardening. The low temperature arrests this 
hardening which otherwise prevents the rivets from being 
used after a half hour following heat treating. The box is 
lined with balsa wood and the rivets are placed in screen 
trays to permit effective distribution of the cold. 
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The Story of the 


NICKEL INDUSTRY 


BY A. J. WADHAMS 


HE discovery of nickel ore near 
the village of Orford, in the 
Province of Quebec, Canada, 
marked the beginning of the present 
The International Nickel Company of 
Canada, Limited. The attention of 
W.E.C. Eustis, a Bostonian interested 
in mining and metallurgical processes, 
was drawn to this mine and late in 
1877 he bought it from Robert G. 
Leckie, a Scotch miningengineer. To 
develop the property Eustis secured 
the services of Leckie on mining, 
John L. Thomson on smelting, and 
with Henry M. Howe as manager 
and consulting engineer, organized 
the Orford Nickel Company. 

From the start the ore was very 
refractory and great difficulty was 
experienced in smelting. Finally some ore from an adjoining 
mine, containing copper sulphide, was secured and a satisfactory 
matte produced. This led to the purchase of the Crown Mine at 
Capleton, later known as the Eustis Mine. R. M. Thompson, 
a young Boston lawyer, was engaged by Eustis in connection with 
the mining venture. Thompson had graduated from the U. 8. 
Naval Academy in 1868 and after a few years at sea had resigned 
from the Navy to study law at Harvard. Young Thompson 
went to England for his Boston client, his instructions being to 
negotiate a lease of the mine. Deciding that it would be more 
profitable to purchase than lease the property, he proceeded to do 
so on his own responsibility. The directors were somewhat 
surprised but approved his action and made him general manager, 
Howe having gone to Chile to be away about a year. A new 
company was formed in July 1878, becoming the Orford Copper 
& Nickel Company. From this time on Thompson occupied 
himself with mining, smelting and refining, and left the practice 
of law to others. 

As the work continued the Orford nickel ores were discon- 
tinued and all effort centered on the Eustis Mine at Capleton. 
The matte was sent to Swansea, South Wales. Some difficulty 
was experienced in disposing of it at a satisfactory price, which 
led to the building of the smelter at Bayonne, New Jersey. 





A. J. Wadhams* 


Orford Copper Company 


In 1881 Thompson went to New York to look for a suitable site 
for a smelter to treat the Eustis copper ore. On January 31, 
1881, four acres of sunken meadow at Bayonne were purchased. 
At this time the City of New York was towing ashes and rubbish 
several miles to sea for dumping. Thompson got them to agree 
to dump the rubbish on the sunken meadow. By this method he 


* Manager, Development & Research The International Nickel Com- 
pany of Canada, Limited. 


View underground in the Creighton mine, showing large ore body. 










secured for his company a valuable site for a smelter on tide 
water in New York Bay. 

Henry M. Howe, known in later years as one of the foremost 
mining engineers and metallurgists in the land, had returned 
from Chile and was soon busily engaged building a smelter on the 
filled land. Dr. E. D. Peters, who in later years became a recog- 
nized authority on copper smelting and refining, and Professor of 
Metallurgy at Harvard University, was his assistant. John L. 
Thomson came from Capleton to manage the furnaces. An 
adjoining works, making sulphuric acid for the Standard Oil 
Company, was persuaded to use the sulphur from the Eustis 
Capleton ore and return the cinder containing copper and iron to 
the smelter, which took the name of “Orford” from the parent 
company. 

For some time work on the Capleton ore went along in good 
shape. Soon copper ores began to appear for refining on the 
Atlantic Seaboard from mines in the West and before long the 
use of ore from Capleton was discontinued, and Eustis and 
Thompson parted company. 

With the assistance of a loan from W. A. Clark, Thompson took 
over the Orford Works and further consolidated his relation with 
W. A. Clark and his brother Ross Clark by setting up a smelting 





First smelter at Copper Cliff 


furnace in Butte, Montana. Ore was smelted at Butte and the 
copper matte brought to Bayonne, N. J., for refining. 

Before long the well-known ‘‘Secretan Affair’ brought Thomp 
son an unexpected windfall. Agents sent by the French Syndr 
cate to purchase the large copper smelters in the United States 
found their capital insufficient to carry through the program. 
Before the scheme-collapsed they had taken an option on t 
Orford smelter. The syndicate made a contract for control of the 
Orford plant, agreeing to furnish a large amount of copper p& 
month, to be refined on delivery. It was stipulated that if they 
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did not make this delivery they 
would be liable for damages. 
Saturday the contract was closed. 
On Monday they shipped two 
million pounds of copper into 
the Orford Works. On Tuesday 
the syndicate failed. Control 
of the works reverted to Thomp- 
gon, also the copper to liquidate ; 
damages. saw, part of which I was. 
Thompson had by degrees 
paid off most of his debt to 
Clark. There remained, how- 
ever, a final payment which 
curiously enough became due 
the very day he received his 
first payment from the French 
syndicate, in fact the money 
eame to Thompson after bank- 
ing hours on Saturday and it 
was only by special arrange- 
ment through his friends in the 
bank that he succeeded in mak- 
ing the final payment to Clark a 
few hours before it became due, 
thereby retrieving the Orford 
Works not only from the French 
syndicate but also from his 
financial backer who had a 
substantial lien on it. 


American metallurgy. 


but fragmentary. 


News of important discoveries of copper ore in Ontario reached 
Thompson in 1885 and he sent John Blue to Sudbury to in- 
vest : 


Canadian Copper Company 


Sudbury was at that time the terminal point of the Canadian 
Pacific Railroad, from which construction was being pushed 
around the north shore of Lake Superior. The country was very 
rough and covered with “brulé,” i. e., burnt and fallen timber. 
In 1884 the Canadian Pacifie Railroad had driven a cut through 
an ol yp of good ore which afterward became the Murray 
Mine. News of the find spread rapidly and prospectors began to 
flock o the new mining country. Thomas Frood, Henry 
Ranger, Rinaldo MeConnell, James Stobie, William MeVittie, 
A. McCharles, Robert J. Tough and W. B. McAllister were some 
of th neers who staked out claims. 

Samuel J. Ritchie, a Cleveland manufacturer, also heard of the 
disco ; of rich ore near Sudbury. In Ottawa that year he 
had seen a piece of copper ore taken from the Canadian Pacific 
Railro ut and promptly went to Sudbury to investigate. 
Ritchie was a natural promoter, capable, energetic and persuasive. 
For some years he had been going to Canada for the second 
growth hickory he needed for carriage building in 
Ohio. As far back as 1882 he had found an 80,000 
acre tract of iron ore in Hastings County, which he 
purchased; and with the assistance of Cleveland 
friends he had organized The Anglo American Iron 


Company. Senator H. B. Payne was an important 
factor in this enterprise and also assisted Ritchie in 
building the Central Ontario Railway from Trenton, 
Ontario, to the Coe Hill Mine. Some ore was sent 
for test from this mine to a blast furnace in Cleveland 
and unfortunately found to contain too large a quan- 
tity of sulphur to be used for making pig iron. Min- 
ing in Hastings County came to a sudden stop and 
the railway seemed doomed to become “two streaks 
of rust and a right of way.” In 1885 the Hastings 
Iron Mines and the Central Ontario Railway were 
in a state of suspended animation, but not so Ritchie. 
His best chance seemed to be to extend his railway 
to join the Canadian Pacific and thereby secure part 
of the haul on ores which were coming in from Silver 
Mountain on the north shore of Lake Superior. 
When the Sudbury Copper ores were discovered, 
Ritchie visited all the properties and took options on several 
which appeared promising. Hurrying back to Cleveland he 
called together his associates of the ill-fated Hastings County 
venture and persuaded them that this was a chance to recoup 
their losses. On January 6, 1886, the Canadian Copper Com- 
hin’ with a capital of $2,000,000 was incorporated in Cleveland, 
j i by 8. J. Ritchie, Senator H. B. Payne, Henry P. McIntosh, 

udge Stevenson Burke, Myron W. Keith and George G. Allen. 


Discovery of Nickel in Sudbury Ore 


‘ a report which John Blue brought back from Canada re- 
ae 4 contract between Thompson and the newly formed 
100 000 4 Copper Company, in which they were to furnish him 

’ tons of copper ore, guaranteed to contain not less than 








N our interest in technical matters, we are too 
prone to keep our noses to the scientific grind- 
stone and neglect other interesting phases of metal- 
lurgy. The early struggles of metallurgical pioneers 
are worth recording. History of a sort can be 
written from documents, but the vital histories are 
those written by those who can say, ‘All of which I 
What interest we should have in the personal com- 
ments of men like Professor Henry M. Howe and Dr. 
Richard Moldenke on the metallurgical panorama 
unfolded in their lifetimes! 

METALS & ALLOYS, especially through some of 
its Editorial Advisory Board, is interested in catching, 
before it is too late, some of the things those now 
living can record as to the historical development of 


Articles such as this will be published from time to 
time, and we urge our readers to pass on to us for 
publication any notes of historical interest relating 
to American metallurgy, even though they may be 
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7% copper. On May 1, 1886, 
mining was started at the Copper 
Cliff Mine and later in the year 
the Evans and Stobie Mines were 
opened up. L. H. Ashmun was 
the first superintendent and John 
D. Evans the first engineer and 
general manager. In October 
of that year the first ore was 
shipped to the Orford Copper 
Company. A small lot was also 
shipped to the Nichols Chemical 
Works at Laurel Hill on Long 
Island. The first shipments 
caused no little consternation. 
The metal extracted from the 
ore was not the customary cop 

per but a pale white metal which 
could not be sold to the copper 
customers. The Laurel Hill 
people were not inclined to 
trouble themselves further with 
the ore and shipped what they 
had to Orford. Thompson, how- 
ever, set about to make an in 

vestigation, ordering a complete 
analysis of the ore. The works 
chemist, Robert R. Hedley, re 

ported 2'/.% nickel. Thomp- 
son wired Ritchie that the ore 
was not up to the 7% copper specified in the contract and Ritchie 
came post-haste to Bayonne, greatly disturbed by the report 
Thompson had made. When he finally understood that the 
nickel contained in the ore was the cause of the difficulty and also 
learned from Thompson that a dollar a pound was the current 
price for nickel, he became as highly elated as he had formerly 
been depressed and rushed off to Cleveland to tell his stock- 
holders the news. He advised building a smelter at once near 
the mines in Canada and his recommendation was immediately 
approved. It was well enough to make copper-nickel matte from 
the ore, but, as Thompson explained to Ritchie at the time, none 
of them understood the metallurgy of a copper-nickel separation 
nor the refining of nickel after it was separated. 


Markets for Nickel 


Joseph Wharton, the pioneer in nickel in America, had a small 
refinery at Camden, New Jersey, producing since 1862 nickel 
from the ores of the Lancaster Gap Mine in Pennsylvania. In 
1876 he exhibited some very remarkable specimens of rolled and 
wrought nickel at the Centennial Exposition at Philadelphia. 
In 1885 he was producing about 130 tons of nickel a year. 

The French “Société Le Nickel,” controlled by the Roths- 





First house in Copper Cliff 


childs, with a capital of $12,500,000, dominated the nickel market, 
owned the nickel mines in New Caledonia, an island in the South 
Pacific, and had been smelting and shipping ores since 1875. 
At this time (1886) they were producing from 500 to 800 tons of 
nickel a year. Other countries were small producers. Norway 
contributed about 75 tons and the German mine at Frankenstein 
was a small irregular producer. All told, the world’s production 
of nickel in 1886 was about 1000 tons. From ore in hand the 
Canadian mines were ready to turn out double that amount. 
The price of nickel had declined steadily from $2.60 per pound in 
1876. From 1879 to 1883 it had been in the neighborhood of 
$1.00, steadily falling off in 1886, plainly indicating an over- 
supplied market. German silver, nickel plating and coinage 
metal were practically the only uses for nickel. The properties 














of the metal were 
not generally 
known. The en- 
tire future of the 
Canadian Copper 
Company de- 
pended upon find- 
ing new uses for 
nickel. 
titchie recalled 
experiments made 
by John Gamgee, 
an Englishman 
whom he had met 
in Washington, 
D. C., some ten 
vears before. 
Gamgee was greatly 
interested in the 
problem of yellow 
fever in the South- 
ern States. It had 
only recently be- 
come known that 
the yellow fever 
germ could not live 
at the temperature 
James McArthur of freezing water. 
Gamgee conceived 
the idea of build- 
ing a refrigerated hospital ship to house yellow fever patients 
and freezing them back to health. He received an appropriation 
of $250,000 from Congress and the shops at the Navy Yard in 
Washington, D. C., were placed at his disposal for experiments in 
the construction of a refrigerating machine. His great trouble 
was to find a metal which was impervious to and unattacked by 
ammonia gas at high pressures. While walking together through 
the Smithsonian Institute, Gamgee and Ritchie noticed a large 
polished section of a meteorite. Inquiry brought out that this 
natural alloy of iron and nickel was exceedingly tough and 
strong. It occurred to Gamgee that such an alloy might fill his 
need. He sent to Joseph Wharton of Camden, New Jersey, the 
only manufacturer of nickel in America, for some nickel and made 
a number of iron-nickel alloys. One of these, containing 8% 
nickel, was exceptionally strong and seemed to be just the ma- 
terial desired for his compression cylinders. Ritchie followed 
these experiments and was greatly impressed with the properties 
of this ferro-nickel. Gamgee had some difficulties with his 
Congressional Committee. Cold weather put a stop to the epl- 
demic that had engaged public attention. The hospital ship was 
never built. But this experience, showing the wonderful proper- 
ties of iron-nickel alloys, made a lasting impression on Ritchie’s 
mind. Recalling this incident ten years later, he wrote to Krupp 
at Essen, telling him of Gamgee’s Washington experiments, 
suggesting these iron-nickel alloys for guns. Krupp treated the 
matter lightly, refusing to believe that there was a sufficient 
quantity of nickel in the world to warrant experiments 
involving an extended use of the metal. 
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armor plate made at the famous Creusot Works, and also a 
plain steel plate, such as was then used by the British Nayy 
made at the works of Cammel and Company at Sheffield, Eng- 
land. These plates were brought to the Government proving 
grounds st Annapolis, Maryland, and tested at short range 
with eight-inch armor-piercing shells. The superiority of the 
French nickel steel plate was decisively demonstrated. Stand- 
ard armor plate of carbon steel, as supplied to the British 
Navy, was shattered to pieces, while the nickel steel plate 
was not perforated nor did it develop a single crack. Reports 
of the results were heralded all over the world. 


Thompson Makes His First Nickel 


It was not long before Thompson heard through Captain 
Albert 8S. Barker that the Navy was actively in the market for 
nickel. Congress voted a large Naval appropriation for the 
purchase of 5,000,000 pounds of nickel to be used in making 
steel for the Navy. Commodore W. M. Folger, Chief of the 
Bureau of Ordnance in Washington, got to work with the stee| 
people and with Secretary Tracy looked into the question of 
sources of supply of nickel and price. Thompson went to 
Washington and gave his opinion that for the quantity of nickel] 
they required the prevailing price of $1.00 a pound was too high, 
Mr. Tracy pounded the table and told Thompson he was ‘‘a very 
ignorant young man;” that : 
they had inquired the world 
over and were unable to 
get any nickel for 
less than a dollar. 
Thompson withdrew 
without comment 
and returned to New 
York. When he 
arrived at his office 
next morning, who 
should be waiting 
at his desk but 
General Tracy, who 
continued the con- 
versation of yester- 
day by saying—‘‘Mr. 
Thompson, you are a 
very sudden young man.”’ 

As already stated, Thomp- 
son had discovered nickel in 
the Canadian ore some three 
years before, and Ritchie had 
persuaded his Cleveland stockholders to build a smelter at the 
mines in Canada. Thompson showed Tracy, from his letter copy 
book, the price he had paid the Canadian Copper Company for 
1000 tons of matte on which he was experimenting, whereupon the 
Secretary asked him to arrange a purchase for the Navy Depart- 
ment on similar terms, or better, if possible. Thompson agreed, 
adding that he would not accept a commission for his services. 
Such was the first of many instances of Thompson’s devotion to 
the Naval service which had given him his education and early 

training. 
Before long Senator H. 
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Nickel Steel 


However, the manufacture of nickel steel had been 
commercially undertaken in 1885, when ferro-nickel 
was manufactured at Marbeau’s Works at Montataire, 
France. The French ‘Société Le Ferro-Nickel”’ had 
conducted numerous experiments with this combina- 
tion in 1883-1884. These alloys were brought to the 
attention of the Iron and Steel Institute of Great 
Britain. James Riley, manager of Chas. Tennant & 
Sons Company of Glasgow, conducted, with great 
care and exactness, a series of experiments which were 
reported in a paper read before the Institute in May 
i889. In the summer this report was brought to the 
attention of General Benjamin F. Tracy, U.S. Secretary 
of the Navy, who had also received from the American 
Naval Attaché in Paris a report that the great French 
steel works of Schneider & Company at Le Creusot 
had made some armor plate from nickel steel, which 
was very superior to the armor plate produced there- 
tofore. Tracy immediately grasped the importance 
of this news and sent Lieutenant B. H. Buckingham 
of the U. 8. Navy to France to investigate this new 
nickel steel alloy. Sir Charles Tupper, then Canadian 
High Commissioner in London, was also asked by Sir 
John A. Macdonald to investigate the question for 
the interests in Canada. Ritchie also went to France 
and on his return at once began to negotiate for a sale 
of nickel to the Navy Department. Upon Bucking- 
ham’s return, Secretary Tracy ordered a nickel steel 











B. Payne and Henry P. 
MeIntosh had arranged 
with Secretary Tracy to 
furnish, on terms similar 
to those which Thompson 
had stated were possible, 
all the copper-nickel matte 
the Navy wanted. Alb 
though Thompson was 
experimenting on refining 
this matte he was not pre- 
pared to undertake any 
deliveries of nickel. He 
knew that there was only 
one competent nickel 
refiner in the country, 
Joseph Wharton. 

One day, while in Wash- 
ington, Thompson drew an 
informal memorandum © 
procedure by which the 
Navy would buy matte, 
deliver it to the refinery 
duty free, also with no 
charge for copper, recel¥- 
ing in return nickel at 4 
cost of about 23 cents 4 
pound. Thompson went 
back to New York, quite 
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pretty fair price for Wharton. As he expressed it, the Navy 
could start with this low offer and let Wharton do the bargain- 
ing. The plan turned out to be somewhat of a boomerang for 
Thompson. The Navy decided they were in no hurry for the 
nickel. They knew Thompson was experimenting on nickel refin- 
ing so they shipped the matte to him at Bayonne, New Jersey. 
When, at the end of a year, the time came to start delivery of 
nickel, Thompson was able to ship a red oxide of iron and nickel 
which was acceptable to the steel makers. There was only one 
difficulty, his costs were equal to or greater than the toll paid 
him by the Navy for extracting the nickel from the matte. 
On a trip to Washington, when deliveries of nickel to the steel 
companies for the Navy were nearing completion, Commodore 
Folger handed Thompson a bill for about $180,000, covering duty 
on copper in matte delivered at Orford. This was an enormous 
and staggering bill, as on the entire work Thompson had cleared 
oniv about $25,000. There had been no formal contract but on 
the original memorandum Thompson had drawn for the Navy 
Department’s guidance in dealing with Joseph Wharton it was 
stated that the copper was to be delivered no charge, also that the 
Navy would pay the duty. Thompson’s exact recollection of 
this unsigned memorandum was all that saved him from financial 
ruin. The steel makers had taken about 5,000,000 pounds of 
nickel from Thompson, in the production of which he had gained 
valuable experience and confi- 
dence in his ability to get the 
nickel out in quantity. 






Orford Process 


In 1890 little was 
known by American 
producers on the 
metallurgy of 

nickel. Joseph 
Wharton and 
Thompson were the 
only producers. 
Expensive wet proc- 
esses were the rule. 
Vivian, at Swansea, 
Wales, was also ex- 
tracting nickel from 
copper-nickel ores but in- 
formation was hard to get. 
Thompson’s method of treat- 
ment gave him undissolved 
residues which were returned 
furnace for a second smelting, followed by further grinding 
iching. Each time some nickel was extracted but a good 
is held in the residues. . 
-shaped pots were used to take the matte away from the 
and dumped on the floor when cold. While visiting the 
s one day, Thompson tapped one of these cones with a sledge 


Dr. Ludwig Mond 


ier and observed an unusual fracture. Of about 100 pots of 
matte on the furnace floor that day, 18 or 20 broke in the same 
v [he bottom third showed bright sulphide, the top dark 


and flakey. Samples were taken, and to Thompson's surprise 
s] d the bottom to be 
pure nickel sul- 


all 
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gave a product simi- 
lar to the “top” and 
“bottom’’ from the 
cupola. In this last 
heat the chemical 
used was nitre cake, 
a by-product of ni- 
tric acid manufac- 
ture. Thompson 
bought a carload of 
nitre cake, tried it 
in his cupola and got 
the expected result. 

Realizing that he 
had run across 
something unusual, 
which might have 
an important bear- 
ing on his nickel ex- 
periments, Thomp- 
son set to work on 
the theory of his 
discovery and ap- 
plied immediately 
for patents. Inthe 
course of securing 
them an interesting 
previous experi- 
ment of like nature 
was turned up. In 
1877, Wm. B. 
Tatro, a shoemaker of Hartford, Conn., had experimented on 
similar copper-nickel ore from a nearby deposit. The kitchen 
stove was his furnace. He secured a patent on separation 
of nickel from copper and iron by melting the sulphide ore with 
a mixture of lime, fluorspar, saltpeter and potash. Thomp- 
son went to Hartford to look up Tatro and found that he 
had been dead some years and that his patent had been assigned 
to a small company of which only a few stockholders were still 
living. Administration papers were applied for, the company 
brought to life and Tatro’s patent purchased. 

Thompson went ahead with his new practice for separating 
copper and nickel by the tops and bottoms method, which be- 
came known as the “Orford Process,’’ and soon had a quantity of 
nickel sulphide from which he produced metallic nickel of fair 
quality. He took it to the steel people, who had been using his 
red nickel-iron oxide. At first they did not want to give up the 
use of oxide but soon found the nickel pig satisfactory. 'Thomp- 
son shipped what oxide he had on hand and thereafter shipped 
metallic nickel. 

About 1890 the management of the Canadian Copper Company 
passed from Ritchie into the hands of Henry P. McIntosh, who 
made a contract with Thompson to refine the entire output of 
copper-nickel matte for a period of five years and sell both the 
nickel and copper. The matte was to contain about 20% nickel 
and 15% copper. Thompson agreed to advance the cash to pay 
the cost of producing the matte and to pay the freight to Bayonne, 

New Jersey. When the nickel was sold he was to 
deduct the amount advanced and his toll charge for 
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treatment, the balance to be divided equally between 








phid ind the top copper, 
nickel and iron. The 
works superintendent was 
not impressed by the 
incident but on inquiring 
among the men Thompson 
learned that a lot of resi- 
dues from the chemical 
house had been thrown 
into the furnace at the 
time this unusual matte 
was made. Tradition has 
it that Wm. Gibb, head 
sampler, a careful Scots- 
man, told Thompson what 
had happened. It was 
clear to Thompson that 
some chemical change of 
importance had occurred. 
Complete analysis made 
of the ‘‘top” showed a no- 
table amount of sodium. 
rhompson put one of his 
foremen, Charlie Bartlett, 
to work melting matte in 
crucibles with all the 
different chemicals in the 
works. Nothing unusual 
was noted until the very 
last crucible heat which 








Senator Wm. A. Clark, pioneer in the 
copper industry 


the Canadian Copper Company and Thompson. If the 
nickel could not be sold Thompson was to store it and 
borrow money on it to pay his advances and toll. The 
matte from Canada began to come in very fast. Sales 
of nickel were slow and money hard to get. The press- 
ing question for the Canadian Copper Company was a 
market for their copper-nickel matte, which depended 
upon Thompson’s ability to sell the nickel. 


Financing the Canadian Copper Company 








As reports of the rich ore supplies of Ontario spread 
abroad, European producers of nickel soon made inquiry 
as to the control of this new source of supply. Both 
the Rothschilds and Krupp representatives wanted to 
buy control of the Sudbury Company. Prior to the 
arrangement with Thompson they offered contracts for 
a ten year period, agreeing to take a large amount of 
nickel each year. The finances of the Canadian Copper 
Company were at this date (1889-1890) none too good. 
The temptation was great to transfer the mines and 
smelter to the control of foreign firms at a large profit. 
There had been little sale for the matte. There was no 
quick method for separating nickel from copper. Matte 
was piling up in the smelter yard and was not a commer- 
cial asset. The banks would not lend money on it. To 
keep the work going, three men, Judge Stevenson 
Burke, Senator Henry B. Payne and Thomas Cornell, 
pledged their individual fortunes, accepting overdrafts 
of $200,000 to $300,000, secured by their personal 
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endorsement. The faith of these men in the future value 
of their property, together with the assistance of Sir Charlies 
Tupper and Sir John A. Macdonald, prevented the transfer of 
the Canadian Nickel industry to the French Société Le Nickel or 
to the firm of Krupp at Essen. Resisting the solicitation of the 
Rothschilds and Krupp, three American citizens, in the presence 
of the representative of the Dominion of Canada, pledged their 
faith in the future of their enterprise. Even after securing the 
contract with Thompson progress was slow, as the sales of nitkel 
were small and for eight years these men carried the burden of the 
credit of their company. The history of industry affords no 
finer example of optimism, loyalty and determination to win. 
The growth of the nickel industry was very slow and competi- 
tion was keen. Vivian of Wales, in 1889, purchased the Murray 
Mine and started a smelter. In the same year the Dominion 
Mineral Company started work on the Blezard Mine and pro- 


duced some matte. The Drury Nickel Company was organized 
in 1891. Here were four companies, all competing for a limited 
market, which soon became overstocked and collapsed. The 


French nickel company met every offer of Canadian nickel with 
lower prices. 

Soon after Thompson commenced deliveries to the steel people 
on his contract with the Navy Department, he went to England 
where he made the acquaintance of all the large consumers. 
He was fortunate enough to get on good terms with Henry Wiggin 
and Sons at Birmingham and through them opened a market for 
his nickel. The first year he wanted to dispose of 500,000 pounds 
of nickel, then selling at 60 cents a pound. He went to the 
Société Le Nickel and offered them metal at 50 cents a pound and 
promised not to invade their 
market if they would purchase from 
him. They declined his offer and 
he sold his nickel in Germany. 
Next vear he went again, this 
time to dispose of 1,000,000 
pounds. Their price was now 50 
cents. He offered the nickel to 
Le Nickel at 37 cents and was 
again courteously refused. This 
time he sold to Bernsdorf in Aus- 
tria. Before the end of the year 
nickel was selling at 25 cents a 
pound. While in France, Thomp- 
son made the acquaintance of 
Baron Adolphe de Rothschild and 
succeeded in winning the lasting 
friendship of this his most power- 
ful competitor. 

With such a highly competitive 
state of affairs nobody was mak- 
ing any money and the weaker 
companies went to the wall. 
Vivian withdrew from the struggle 
in 1894. The Drury Nickel Company went under in 1893 and the 
Dominion Mineral Company in 1894. It was a war for recogni- 
tion of Canadian nickel. None of these could stand the strain 
of foreign competition. The Canadian company was saved a 
similar fate only by 
the courage of its 
directors and 
Thompson's success 
with Baron Roths- 
child. 
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Development of 
Canadian Plant 





Let us turn fora 
minute and look at 
the conditions at 
Sudbury when work 
was started in 1886. 
Only the steadfast 
determination of 
the men on the 
ground, with primi- 
tive surroundings 
and meager re- 
sources, brought the 
mines and smelter 
through to a satis- 
factory production 
position in a rela- 
tively short time. 

The Algoma 
branch of the 
Canadian Pacific 
Railway, built at 
the time of con- 
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struction for transporting 
supplies and building 
material to the main line, 
had been abandoned. 
Sudbury was situated on 
this branch line. Cars 
could be moved over it 
at a maximum speed of 
8 miles per hour. There 
was no side track from 
the railroad to the mines. 
Freight from the outside 
to this north country was 
incredibly slow. Sir 
William C. Van Horne, 
President of the Canadian 
Pacific Railway, was a 
staunch friend of the 
struggling mining com- 
pany. His railroad was new and traversing a difficult and 
undeveloped country. Every facility the railroad had was 
freely and cheerfully given to assist in opening the mines. 

In May 1888 Dr. Peters 
was engaged by the Canadian 
Copper Company and went 
to Copper Cliff to pick out 
a site for a roast yard and 
smelter. The roast yard was 
staked out on a clay flat, 
beside a little stream which 
beavers had dammed. The 
beavers objected to the 
destruction of their wat 
works and repaired the dam 
at night as fast as it was 
torn away. By August, 
however, the roasting of o: 
started. A furnace building 
of frame, 40 feet long a: 
35 feet wide, was erected, 
boilers and blowing engine 
installed. This work went 
very slowly. There isa 
letter from Peters, written 
in November, in which he 
speaks of having to send all 
the way to North Bay, 80 

miles, to get the pipe he needed, cut and threaded. 

During this month H. P. MelIntosh, the secretary- 
treasurer of the Canadian Copper Company, wrote to 
Peters asking if it would be possible to enlarge the plant 
sufficiently to smelt 300 tons of orea day. Peters replied 
that he thought he could do it but such large figures were 

rather bewildering. Even 100 tons of ore a day was enormous 
and almost unprecedented.* In the fall a Herreshoff water 
jacket furnace, 6 feet long, 3 feet wide and 9 feet high, built by 
the Nichols Chemical Company and shipped in sections, was 
erected. The method of assembling showed more ingenuity 
than knowledge of furnace practice, as will appear. 


On December 22nd the furnace was blown in, with a crew of 
French Canadians who had never seen a furnace. The water 
jacket immediately developed a leak which seemed impossible to 
find. Soon the floor of the furnace room was flooded and every 
time the furnace was tapped explosions sounded like a Gatling 
gun. James McArthur, who was in charge of the work and an 
experienced smelter man, had to do most of the work himself. 
An improvised platform was built above the settler and on it two 
men were stationed with pails to put out fires on the roof that 
followed each tap. Christmas Day they had to stop work 
through sheer exhaustion. McArthur’s eyes had been badly 
burned, in fact so much so that a boy was told off to lead him 
around the smelter building. The trouble was easily located 
when the furnace was shut down. A bronze connection ring 
between the furnace and settler, designed hollow and water 
cooled, had been sawed in four pieces and set loosely together 
inside the iron work. With matte and slag running continuously 
through this split ring the furnace was kept going for three days 
and shut down without serious damage. After considerable 
vituperative correspondence with the assembly shop, a new tap- 
ping ring was fitted, this time in one piece. 

In January (1889) the furnace was started again and Dr. Peters 
was delighted to find that he could smelt from 80 to 100 tons of 
ore a day, producing a 35% matte and slag with 1'/2 to 2% cop- 
per-nickel. This matte was shipped to H. H. Vivian, Swansea, 
Wales; to Chas. Tennant in Glasgow; to Thompson at Bayonne; 
to Joseph Wharton in Camden, and to Hamburg. In 1889, 8450 
tons of matte were produced, containing 22% copper and 14% 
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* Current practice at Copper Cliff is 6000 tons of ore a day’ 
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nickel, or about 1000 
tons of nickel. This 
was twice as much 
nickel as the entire 
world produced in 1888. 
From this time on the 
Canadian Copper Com- 
pany produced copper- 
nickel matte steadily 
and, as stated above, 
sold the entire output 
to Thompson at Orford 
for a period of 5 years. 

Mining and smelting 
at Copper Cliff were de- 
veloped in the face of 
numerous difficulties. 
The Copper Cliff, 
Evans and Stobie 
‘lines supplied all the ore from 1888 till 1898, when No. 1 and 
No. 2 Mines were opened. At that time these were called the 
McArthur and the Great Jones Mines. Jones was a mine 
captain in the early days, 
vho became too corpulent to 
vet down the ladderways 
and used to stand for hours 
e top of the shaft direct- 
ing the work. Hence “Great 
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ore was all roasted by 
et, first at 20 cents a 
din 1893 at 17 cents 

The contractor, 


\icKinnon, produced 
na roast ore containing 
! ver 7% sulphur. The 
p urned for about 100 
smelter at Copper 

( grew as need de- 
n d, furnaces being built 
as venience permitted. 
T were all Herreshoff 
fu s, fed by what was Samuel J. Ritchie 
c the “patent English 
w! barrow system.’’ 
T) were no labor-saving 
de s. By hard work and perseverance James Mc- 
\ succeeded in getting two furnaces going by 1890, 
ea nelting about 125 tons of ore a day. When you 
CO the short period since the opening of the mining 
di McArthur’s achievement was a splendid piece 
ol K 

Although mining and matte making were now fairly well 
est shed, much was to be desired in economies and as yet there 
wa established market for such a large production of nickel. 
Ni in America, excepting Thompson, was marketing large 
~ ties of nickel, nor was there any one, excepting Joseph 
VI 


n, who could speak with authority on the properties and 
uses of the metal. 


Jules Garnier Comes to America 


M. Garnier, who in 1867 discovered the New Caledonia Nickel 
mines, came to Sudbury in 1890, engaged by the Canadian 
Copper Company to assist in solving their problems. He was a 
courteous French gentleman, with the Legion of Honor ribbon in 
his immaculate frock coat. With him came M. Michaud as 
assistant. 

The first problem that engaged M. Garnier’s attention was the 
erection of converters to make a higher grade of matte. The 
matte then produced contained 35% copper-nickel and it was 
thought possible to increase this to 80%. The building of a 
Bessemer plant at Copper Cliff went on in the winter of 1891- 
1892. At the last moment, when everything was ready, a large 
butterfly valve for the blast ipe was missing. Frantic telegrams 
to the maker traced this up ioe the time it left the foundry till 
it arrived at Copper Cliff. The warehouse at Copper Cliff was 
certain that it had been sent to the Bessemer shop and the 

Sessemer shop was equally certain that it had never been re- 
ceived. A heaven-sent office boy finally remembered riding down 
to the smelter on the sleigh with the box in question, so McArthur 
armed a number of men with poles and set them prodding in the 

cep show around the smelter. After a long search the missing 
valve was found. 

The Bessemer plant was started January 23, 1892, and made 
matte of the desired content. In spite of many crudities the 
first Bessemer plant was undoubtedly a great success and a dis- 
tinct advance in the smelter practice of the day. 
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Refining Experiments at Cleveland 


With an 80% Bessemer matte the possibility of carrying the 
refining to a finished metal was worth considering. All realized 
that if a market could be found for such a copper-nickel metal it 
would be a tremendous help, for as it was, the market for copper- 
nickel matte depended entirely upon existing markets for nickel. 
M. Garnier succeeded in making a very good copper-nickel alloy 
containing 50% of each metal and secured a small market for it 
in France. This was the first alloy of the Monel Metal type 
made from Canadian ores. 

Another problem undertaken by Garnier was the production of 
pure nickel from oxide. Under contract with Thompson the 
Canadian Copper Company could, if they desired, take the 
Orford Nickel oxide and reduce it themselves. With this plan 
in view a plant was erected at Cleveland, under the supervision of 
Garnier and Michaud. The oxide was mixed with clay, charcoal, 
lime, fluorspar, ground in a pug mill, pressed into bricks and 
dried in an oven. The bricks were then melted in a cupola 
furnace with hot blast. Even the resourcefulness of Garnier was 
taxed to the utmost in these attempts to refine metallic nickel 
from oxide. Some nickel shot was produced but the results in 
the main were not satisfactory. Carl Hoepfner came from 
Germany to Cleveland in 1893 to assist in the experiments. He 
had a method for producing nickel by dissolving the matte and 
plating from the solution first copper and then nickel. The 
copper was plated successfully but all attempts to secure a satis- 
factory nickel failed, and Hoepfner’s method was abandoned. 
D. H. Browne, chief metallurgist of the Canadian Copper Com- 
pany, some years later developed a 
successful electrolytic process for 
the production of nickel. 


Mond Process 


By 1896 the Mond process was 
beginning to attract attention and 
although a sensitive temperature 
control was necessary it was 
suggested that the process could be 
used in the cold climate of Canada. 
In the fall of that year D. H. 
Browne and W. A. Hooker visited 
England to make an investigation 
of Mond’s process and on their 
recommendation the Canadian 
Copper Company took an option 
to purchase the patents and process 


ae F i | for $1,500,000. In 1897 Browne 


4 and Hooker took 75 tons of Ca- 
nadian Bessemer matte to England 
and spent a year studying the 
Mond method. 

The discovery by Dr. Ludwig Mond of a method of separating 
nickel and copper was quite as accidental as the discovery of the 
Orford process. Dr. Mond and Dr. Langer were attempting to 
obviate breakdowns in certain valves used in a plant for pro- 
ducing chlorine. 
Nickel had been 
chosen as the 
metal for these 
valves in the belief 
that it would resist 
the corrosive effects 
of vapors passing 
through them. 
The valves not only 
proved leaky but 
became coated with 
carbon. These ob- 
servations led to a 
careful study of the 
chemical reactions 
of carbon, oxygen 
and nickel. 

The Mond proc- 
ess consists in treat- 
ing a finely divided 
metallic nickel with 
carbon monoxide 
gas which picks up 
the nickel, forming 
nickel carbonyl 
gas. On passing 
this nickel carbonyl 
gas over heated 
nickel grain the gas 
is decomposed and 
each grain receives 
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an outside coating of nickel. This process is one of the most 
beautiful known to metallurgy. The simplicity of the opera- 
tion constitutes its chief charm. At that time, however, 
the mechanical difficulties in handling it had not been solved. 
After careful investigation Browne came home and the Canadian 
Copper Company decided not to take up its option on the Mond 
process. 


Companies Other than the Canadian Copper Company 
Operating Canadian Ores 


Not long after the Canadian Copper Company relinquished its 
option, the Mond Nickel Company was formed and about 1900 
commenced mining ore in Canada. In 1901 and 1902 the Vic- 
toria and North Star Mines were opened and a smelter erected. 
Hiram W. Hixon was the first general manager. The smelter was 
scientifically planned and economically administered. The 
product was an 80% Bessemer matte which was shipped to 

Clydach, in South Wales, for refin- 
ing. 
There were also the following 
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activities which were, however, short-lived. 
Che Vivians who, as already stated, closed 
down the Murray Mine in 1894, kept their 
smelter at work from August 1896 to 
January 1897 on roasted ore, which was 
sold to Joseph Wharton. The Drury 
Nickel Company, after closing down in 
1893, was reorganized under the name of 
the Trill Nickel Mining & Manufacturing 
Company and did some smelting at Sud- 
bury about this time. Their product was also shipped to Whar- 
ton’s refinery at Camden, N. J. A year or two later the Great 
Lakes Copper Company, after purchasing the Mount Nickel Mine, 
built a smelter on designs furnished by an Austrian metallurgist, 
Anton Graf, which also proved unsuccessful. In 1899 Hoepfner 
came back to Canada to make a second trial of his ideas on nickel 
refining, this time for a Company organized by a group of Hamil- 
ton men. After sinking a great deal of money in a smelting 
works erected at Hamilton, Ontario, the Hoepfner method was 
abandoned. Hans A. Frasch had been resident manager at 
Hamilton under Hoepfner who died suddenly in Colorado about 
this time. Frasch attempted to carry on the work for a time but 
was unsuccessful and the whole enterprise abandoned. Closely 
associated with this attempt was the Nickel Copper Company of 
Ontario, Ltd., which bought the Whistle Mine and operated it 
until the collapse of the refining company. 

Although much effort and money had been spent in a variety of 
attempts to refine nickel in Canada, all successful activity had 
been confined to the production of Bessemer matte. Refining 
had just been started by the Mond interests in Wales when a bill 
was passed by the Canadian Parliament, empowering the Gover- 
nor-General to apply such restrictions on the export of nickel in 
matte from Canada as he deemed necessary, to bring the refining 
of nickel to Canada. Stimulated by the prospect of advantages 
of refining in Canada, the Lake Superior Power Company, with 
F. H. Clergue as president, entered the nickel field. The Ger- 
trude and Elsie Mines were purchased and a railroad built from 
the mines to Sudbury. A smelter was erected in 1902 and copper- 
nickel matte shipped to Sault Ste. Marie, where an attempt was 
made to make aa alloy pig iron. Experiments were continued 
until 1903 when a demand by the bond holders brought the 
Ontario Government to the rescue. The iron and steel business, 
made from ores in the “‘Soo”’ district, kept the company going for 
several years after the attempts on Sudbury ore had been aban- 
doned. The common difficulty with most of the attempts on 





METALS & ALLOYS 


Robert C. Stanley 


Vol. 2, No. 3 





Sudbury ore was that the finished product was matte for which 
there was a very limited market. The mining of ore and smelting 
of matte, as stated before, were comparatively simple. What to 
do with the matte, how to separate the metals and where to find 
a market for the nickel, were the rocks on which all of these 
companies broke. 


Orford Works Becomes Important Nickel Refinery 


For some time R. M. Thompson had been sole owner of the 
Orford Copper Company. Refining problems at Orford were 
still unsolved and there was no one available who had had much 
experience in refining nickel metal. Ores similar to the Canadian 
copper-nickel sulphides had been worked in Sweden for some 
years. N. V. Hybinette, a Swedish metallurgist highly experi- 
enced in refining nickel, had some few years before built a nickel 
refinery in Norway. Upon the appearance of cheaper nickel] 
from Canadian ores it was necessary to close down the Norway 
refinery and Hybinette came to New York seeking his fortune. 
He offered his services to Colonel Thompson and was engaged in 
1892. When John L. Thomson, superintendent at Orford Works, 
retired in 1897, R. R. Maffett, a nephew- 
in-law of Colonel Thompson, was ap- 
pointed superintendent of copper refining 
and Hybinette was appointed superin- 
tendent of nickel refining. Measured by 
the standards of to-day much could have 
been asked, but compared with other ex- 
isting methods the practice was far in 
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advance of any. Before long Hybinette was making a high 
quality nickel oxide and pig. He also did the first electrolytic 
refining at Orford Works, which laid the foundation for th high 
quality electrolytic nickel produced to-day, 99.9% nickel. With 
many years’ experience Hybinette is to-day one of the leading 
authorities on the metallurgy of nickel. 

The old Bessemer plant, erected by Garnier for the Canadian 
Copper Company at Copper Cliff in 1891, had long since fallen 
into disuse. Small lots of this 80% matte had been made from 
time to time for the company’s refining experiments in Cleveland. 
Thompson, however, had been unable to persuade the Canadian 
Copper Company to give him a concentrated matte and in 1900 
was still getting a 35% matte, which involved paying freight on 4 
large tonnage of waste material, whereas if he could get an 80% 
matte it would be more economical all around. As the Canadian 
Copper Company could not be persuaded to give him a high 
grade matte, Thompson in 1900 built some furnaces himself at 
Copper Cliff to produce it. In 1901 Hybinette built the Ontario 
Smelting Works, opposite the Canadian Copper Companys 
smelter, where he ground and roasted the low grade matte, re- 
smelting it to a concentration of 65% copper-nickel. This higher 
quality matte greatly improved Thompson’s practice and pro- 
ductive capacity at Orford. 

About this time the same threat of a prohibitive duty on the 
export of nickel from Canada, which prompted Clergue to enter 
the nickel field, forced Colonel Thompson to discontinue the use 
of Canadian nickel at Constable Hook, N. J. For over a year he 
got his nickel requirements from the mines of New Caledonia. 

Although Orford had by this time become the largest nickel 
refinery on the continent, nickel did not displace copper 4s ts 
principal business un il some years after the consolidation of the 
Orford and Canadian Copper Companies in 1902. 

The Orford Copper Company had become one of the largest 
custom copper refineries on the Atlantic Seaboard. Ores came 
in from the growing western copper mines, from South America, 
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crude copper from Japan and other far eastern points, also large 
quantities of copper scrap for refining. The output of copper was 
from five to eight times as great as the output of nickel. 

The refinery had grown up as need demanded. As far as 
nickel was concerned, Thompson’s ore supply was in the hands of 
others. For this reason no large capital expenditures were being 
currently made for permanent betterments. 


The Canadian Copper Company in 1900 


The conditions of the nickel business at the opening of the 
twentieth century were not too happy for any of the parties 
eoncerned. The Canadian Copper Company found the market 
opportunity much less plentiful than its supply of copper-nickel 
matte. The mines were in good shape, furnaces were producing 
good matte, but for disposal of their matte they were dependent 
upon Thompson’s sales of nickel. 

In October 1899, A. P. Turner of the Cleveland office was sent 
to Copper Cliff to be McIntosh’s representative on the ground. 
McArthur became manager of mines and smelter and shortly 
afterward John Lawson, a mining man with experience in the 
Michigan iron mines, took charge of ore 
development. MelIntosh, as manager 
and director of the company, had for 
some time been making every effort to 


di »p the refining of nickel and in this 
way not be wholly dependent upon sales 
of matte to Orford for the prosperity of 
his pany. 


1 iccess of Browne’s electrolytic process at Cleveland was 
an important achievement for the Canadian Copper Company as 
opel n outlet for finished products for the first time and was, 
in a , a declaration of independence from the Orford Copper 
Com y. Copper refined from the matte was sold to C. W. 
Bingham of Cleveland and nickel was sold directly to manufac- 
turers of German-silver in Connecticut. Although no large 


electrolytic refinery was ever built by the Canadian Copper 
Company, Browne’s success established the possibility of their 
independence and was, therefore, an important factor in their 
discussions with the Orford Copper Company. 


Canadian Copper Company and Orford Copper Company 
Join Forces 


_It had for some years been recognized that neither the Canadian 
Copper Company nor the Orford Copper Company could build 
for the future without the other. Large sums of money were 
needed to equip the plants of both companies with modern 
appliances and to develop the market for nickel. The subject of 
consolidation was discussed and, with the assistance of large steel 
interest and of the only other large nickel producer, Joseph 
W harton of Philadelphia, carried into effect. In April 1902, the 
International Nickel Company of New Jersey was organized. This 
took in, in addition to the Canadian Copper Company, the Orford 
Copper Company and Wharton’s American Nickel Works; 
the Anglo-American Iron Co. (the survivor of Ritchie’s Hastings 
County Iron Co. which also owned some nickel lands in the 
Sudbury district), the Nickel Corporation of London and 
Société Miniére Calédonienne, in which Colonel Thompson had 
“equired an interest when purchasing New Caledonian ore. The 
men who launched the new company were R. M. Thompson, 
Joseph Wharton, C. M. Schwab, E. C. Converse, E. F. Wood and 
Ambrose Monell. The last named became president, with E. F. 
Wood, vice-president, and J. L. Ashley, treasurer. Colonel 
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Thompson, the nestor of the nickel industry, became chairman 
of the board. 

The Canadian Copper Company was continued as a subsidiary 
company with A. P. Turner as president and F. 8. Jordan as vice- 
president. In 1913 Turner resigned and soon after A. D. Miles 
was elected in his place. A few years later the Canadian Copper 
Company passed out of existence, all the Canadian activities and 
properties having been brought under one head as The Inter- 
national Nickel Company of Canada, Limited, which was organ- 
ized in 1916. 

Some years prior to the organization of the International Nickel 
Company of New Jersey, Thompson made a trip on snow shoes 
through the Canadian country to the falls of the Spanish River 
about 35 miles from Copper Cliff, at which time he bought the 
falls and a tract of land on each side of the river, also securing 
from the Canadian Government a guarantee of the right to the 
power of the falls. Soon after the organization of the new com- 
pany he sold them this water 
power for $100,000, a very low 
figure considering the potential 
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value to the company. Thompson’s 
judgment at the time was that the 
company, and of course his interest in 
it, would be greatly enhanced by the 
introduction of cheap hydro-electric 
power. This valuable acquisition rounded 
out the company’s physical assets. De- 
velopment of the power commenced at 
once, 

The dilapidated wooden buildings and 
obsolete machinery in use at Copper Cliff were replaced by 
what was then one of the most up-to-date smelters in the 
world. Smelting practice improved very rapidly after the 
building of the new smelter, and many economies were in- 
troduced at Copper Cliff. The original Anaconda type acid 
converters were discontinued for Pierce-Smith basic converters. 
Sintering slag and flue dust in reverberatory furnaces, with 
powdered coal as fuel, and later by Dwight-Lloyd sintering 
machines, was introduced to keep the losses in slag at a mini- 
mum. Electricity was introduced underground. The entire 
output of the Canadian smelter went to Orford for refining. 

In 1904 Hybinette severed his connection with the company 
and R. R. Maffett became general superintendent of the Orford 
Works. 

Dr. Wharton’s American Nickel Works in Camden produced 
grain nickel during the first few vears, made after the Kuropean 
practice from a medium quality nickel oxide, and also became a 
by-product plant of the company. Other products of the 
Wharton Works were nickel salts, cobalt salts, copper salts and 
small quantities of platinum metals, by-products from the 
Canadian matte. A by-product cobalt material, extracted from 
the matte at Orford Works, was refined at Camden and became 
the principal source of supply of cobalt oxide, until the discovery 
of the cobalt mines in Canada. 

After taking his degree trom the Columbia School of Mines and 
having spent some months investigating placer platinum sands in 
Dakota, R. C. Stanley,* in the spring of 1903, became Super- 
intendent of Wharton’s Nickel Works in Camden, N. J., with the 
writer as his assistant. In the fall Stanley was advanced to 
assistant general superintendent at the Orford Works and was 
succeeded at Camden by the writer. With the advent of the 
Canadian cobalt ores the production of oxide was increased to a 
tonnage equivalent to the world’s requirements. The ores 
contained substantial quantities of silver. A very complex 

* Now President of The International Nickel Company of Canada, Ltd. 
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metallurgical problem, involving the recovery of nickel, copper, 
cobalt, silver and arsenic, was successfully worked out, resulting 
in the erection of an arsenic refinery at the location of the old 
Ontario Smelting Works at Copper Cliff. Recovery of arsenic 
from these ores was an entirely new feature in the work of the 
company. After careful investigation by Stanley and under his 
direction, the plant was built and operated successfully for a 
number of years as an important producer of arsenious oxide. 
Treatment of these cobalt silver ores continued until 1912, at 
which time purchase of ores was discontinued, terminating the 
production of cobalt oxide and fine silver at Camden. Soon after 
this all the remaining operations at Camden were transferred to 
the Orford Works and the plant sold. 

On the death of R. R. Maffett, in 1912, Stanley became general 
superintendent and the writer was transferred to Orford as 
assistant general superintendent. 

Following Stanley’s coming to the Orford Works in 1904, great 
advances were made in improving the metallurgy and practice of 
refining both nickel and copper. An important advance was 
made in the refining of copper by the installation of Bessemer 
converters in substitution for the more expensive and slow 
reverberatory furnaces. Outstanding improvements were also 
made in the refining of nickel. Mechanical furnaces were intro- 
duced to replace the old hand furnaces and the electrolytic refin- 
ing of nickel was established on a commercial basis. 


Monel Metal and Huntington Plant 


Following the early experiments of Garnier, which resulted in a 
50-50 copper-nickel alloy, and subsequent work by Browne, 
Stanley ordered in 1904 some special matte from Canada, low in 
iron, from which was made the first heat of what later became 
known as Monel Metal, an alloy of 70% nickel and 30% copper, 
which has since become well and favorably known throughout 
the world. From 1905 to 1922, ingots were made at the Orford 
Works, the rolling being accomplished at custom steel mills. 
The post-war market development demanded better and larger 
facilities for the production of Monel Metal and a rolling mill 
was built at Huntington, West Virginia, in 1921. The plant is 
both a refinery and rolling mill. The products are both nickel 
and Monel Metal, in a great variety of types and shapes. Since 
the opening of this plant the demand for Monel Metal has in- 
creased from about 3000 tons in 1922 to about 10,000 tons in 1929. 
The products of this mill have a wide and diversified field of use- 
fulness where appearance and corrosion-resistance are important. 


Effect of the World War on the Nickel Industry 


By the fall of 1914 facilities for the production of nickel in all 
parts of the world were being pushed for a maximum output. 
During the early years of the war a large part of the production of 
the Norwegian nickel mines, refined at Kristianssands, found its 
way to Germany. Aside from a small production of nickel in 
Germany, this was the only supply available to the German war 
machine. A plan was formulated in England whereby, with the 
aid of Government funds, control of this Norwegian enterprise 
could be had and increased Empire production made available. 
The plan included a merger with the Murray Mine in Ontario and 
resulted in the organization of the British-American Nickel 
Company, with smelter and refinery in Canada. 

Steady and increasing demand by the Allies for nickel during 
the war taxed all the resources of The International Nickel 
Company, from mines to finished products, to their utmost. 
The maximum refining capacity at Orford was insufficient and 
early in the war it was evident that additional refining facilities 
would be needed. In 1916 work started on a new refinery at 
Port Colborne, Ontario, with greatly enlarged electrolytic refining 
facilities. The building was pushed ahead steadily but, due to 
the many handicaps experienced in war time construction, was 
only completed a month before the Armistice, November 11, 
1918. The new refinery embodied the experience of all the pre- 
ceding years of work on nickel. It had all the improvements in 
process and equipment, as well as the advantage of ample space 
and suitable surroundings in which to place a modern plant. 

Soon after the entry of the United States into the World War, 
Ambrose Monell was commissioned Colonel in the United States 
Army (Aviation) for overseas service. On September 15, 1917, 
W. A. Bostwick succeeded him as president of The International 
Nickel Company of New Jersey. Stanley was elected vice- 
president, in charge of all operations from mines to finished 
products. The writer became general superintendent of the 
Orford Works and H. W. Walter, assistant general superin- 
tendent. 

At the close of the war the manufacture of war materials al- 
most ceased, causing a shrinkage in demand for nickel to near the 
vanishing point. In 1920 the total world production of nickel 
fell back to that of 1900. The Orford Works at Constable Hook, 
N. J., being an old and high-cost producer, was shut down and 
dismantled during this industrial depression. 

The newly formed British-American Nickel Company did not 
come into substantial production until after the war, when there 





Vol. 2, No. 3 


was no market for nickel. This, together with high production 
costs, brought the company to a state of bankruptcy. 
In 1922 Bostwick died and Stanley was elected a ere of 


The International Nickel Company of New Jersey. L. Ashley 
who had been treasurer of the company from the time of its 
organization, was elected vice-president. John L. Agnew, who 
had been generai manager of all the mining and smelting opera- 
tions in Canada, was elected president of the subsidiary Ca- 
nadian company. : 

The Armistice had brought to a close the era in which the 
company’s prosperity was derived from the building of great na- 
vies and equipping the great armies, which up to that time had 
consumed the greater part of the world’s supply of nickel. The 
facilities of the company for mining, smelting and refining nickel 
were intact, fully developed for a large production program. 
Stanley was confronted by the same condition which MeIntosh 
met when he opened the first mine in Canada and Thompson told 
him there was nickel in his ore. It was necessary to find markets 
for the nickel. 

Anticipating such a condition the writer had, during the last 
year of the war, organized at Bayonne a Research Department 
and Dr. J. F. Thompson had organized a Development Depart- 
ment. In 1922 these two efforts were merged and under the 
direction of the writer a systematic effort commenced on a study 
of the uses of nickel and methods of establishing and expanding 
them. The personnel for this work was chosen with great care. 
Much of its success is due to the fact that men of experience and 
standing in engineering fields joined the ranks of the company. 
Dr. P. D. Merica of the United States Bureau of Standards, who 
had joined the company in 1919 as director of research, built, 
equipped and manned a laboratory for the study of nickel and its 
alloys. New products of nickel, new alloys in both the ferrous 
and non-ferrous fields, resulted from this work. Special knowl- 
edge of the function of nickel in these alloys and of their suit- 
ability in many manufacturing fields, was made available to the 
engineering profession. 

During the years from 1922 to date, steady progress has been 
made in developing markets for nickel. Information on nickel 
has been consolidated and brought within the reach of all possible 
users in industrial fields. In 1927 this work was extended to in- 
clude both England and Continental Europe. Active ce ters 
have been established in London, Paris, Frankfurt, Brusse!s and 
Milan. 

To meet the steadily increasing demand for nickel, The | nter- 
national Nickel Company of New Jersey considered it advisable 
to decide which of the company’s valuable mining propertics in 
the Sudbury district should be developed to supplement and 
eventually succeed the historic Creighton Mine. Of the man 
important mines owned by the company the Frood was sel« ted, 
drilled and work commenced upon it in 1924. 

More power was needed. A second and larger dam was built 
on the Spanish River, forming a lake 25 miles long, assuring full 
flow of water throughout the entire year. By placing the new 
hydro-electric power plant in tandem with the existing one, the 
water is used twice, thereby securing the maximum power output 
from a given flow of water. 


The International Nickel Company of Canada, Limited, 
Acquires The Mond Nickel Company, Limited 


In January 1929, through a consolidation, all of the property of 
The Mond Nickel Company, Limited, was acquired = The 
International Nickel Company of Canada, Limited, with R. C. 
Stanley as president. John L. Agnew was elected vice-president, 
James L. Ashley, secretary and treasurer, Dr. J. F. Thompson, 
assistant to the president, and Dr. P. D. Merica, technical assis- 
tant to the president. 

The Mond Nickel Company, Limited, of England, had mines 
in the Sudbury district, including a part of the Frood Mines; 
a smelter at Coniston, eight miles Kast of Sudbury and a refinery 
at Clydach, near Swansea, South Wales, also rolling mills at 
Henry Wiggin & Company, Limited, in Birmingham, England, 
and a precious metals refinery in Acton, near London. The Inter- 
national Nickel Company of Canada had mines in the Sudbury 
area, including the larger part of the Frood mine, a large smelter 
at Copper Cliff, large hydro-electric power plants, a refinery at 
Port Colborne, Ontario, and rolling mills at Hungtington, West 
Virginia. This logical and economic fusion of interests obviates 
to a great extent the duplication of heavy capital expenditures im 
mining, smelting and refining operations. , 

Immediately upon the consolidation of these two large nickel 
companies, the independent plans of each company at the F 
Mine were merged into one comprehensive program. Work on& 
new and greatly enlarged smelter at Copper Cliff received new 
impetus, and it was completed in August 1930. At the same 
location the Ontario Refining Company, Limited, has erec 
and is now operating an electrolytic copper refinery under the 
joint participation of The International Nickel Compan 
Canada, Limited, Consolidated Mining & Smelting Co. of Can- 
ada, Limited, and The American Metal Company of Canada, 
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Limited, to provide sufficient oped for a large increase in the 
— of copper which will be produced from the Frood 
ne. 

; The refining facilities at Port Colborne, Ontario, and Clydach, 
South Wales, are both being greatly increased to meet future 
demand for nickel. Each of these refineries produces a very 
high purity nickel, which has almost entirely displaced shot and 
pig formerly produced from oxide. Both the carbonyl process 
of the Mond Company and the electrolytic method of The Inter- 
national Nickel Company also yield a complete recovery of 
precious metals of the platinum group. The precious metals 
residues from all plants are now refined at Acton, England. 

The search for markets for nickel has been enlarged by the 
consolidation of these two nickel companies. The principal 
business of the Mond Company having been abroad, their re- 
search laboratories and personnel considerably augment the work 
of the foreign bureaus of The International Nickel Company. 

On July 9, 1931, John L. Agnew, vice-president, died at his 
home in Copper Cliff, Ontario. Dr. J. F. Thompson becam > 
vice-president; Dr. P. D. Merica, assistant to the president: 
J.C. Nicholls, assistant to the president at Toronto, Canada, and 
Donald McAskill, general manager at Copper Cliff. 


Ore Reserves in Canada 


The International Nickel Company of Canada, Limited, is 
supplied with almost unlimited ore. The situation of the Ca- 


nadian nickel mines is probably unique. Practically all of the 
known deposits in the pre-Cambrian basin were located in the 
early days and acquired by different interests at that time. 
During the course of years and through various circumstances, 
these deposits have come into the possession of The International 
Nicke! Company. The mineral exists in payable quantities in an 
are: miles long by 25 miles wide. Few new nickel mines have 
beer ‘overed since 1860. The problem has been to choose 
fron ng many the mine which would yield the highest grade 
ort levelop the largest tonnage. 

M mines were opened until the discovery of the Creighton 
Mi: i900, which, until the discovery of the Frood, was the 
most tacular mine in the nickel area. In 1900 the Canadian 
Cop) mpany started work on a gossan-covered hill, north of 
a si » which covered the ground now occupied by a great 
“Glory Hole.” Diamond drills showed the presence of ore 
dippi nder this hill. A shaft house was projected but in 
strip] iway the peat at the base of the hill it was found to 
cov so pits were dug through the swamp, further south, to 
find for the shaft house. Every pit revealed ore and finally 
it w: ind that this peat bog covered the largest deposit then 
know the Sudbury district. Captain Lawson’s report of 
Nov 7, 1900, showed the value of the property and a large 
shaft se was erected on the outcrop south of the swamp that 
wint Che mine was opened from the surface and quarried out 
durit first years. As the demand for ore increased and the 
rigor vinter would not permit continuous mining in the open 
pit, an underground development was begun. This mine has 
been one of the great mines of the North American Continent and 
supplicd substantially all of the ore required by the International 
Nicke! Company of New Jersey until the end of the war. It is 
still a e producer. 

The largest known body of ore, the Frood Mine, is now nearing 


the stage of full production and has proved to be one of the richest, 
if not the richest mine of sulphide ore in the world, a noble suc- 
cessor to the Creighton Mine. 

Published prices of metallic nickel from 1850 to 1888, before 
the rich Canadian deposits became known, show violent fluctua- 
tions. In 1873 the price of nickel reached a peak of $3.85 a 
pound. Discovery of the New Caledonia deposit brought the 
prive down steadily over a period of 15 years and just before the 
Canadian production came on the market radical reduction 
brought the price of nickel to the lowest figure in all time, 16 cents 
& pound. This artificial price lasted only a short time and be- 
came re-established at 60 cents a pound when Colonel Thompson 
went abroad on his first trip to sell nickel. He made every effort 
to co-operate with the producers of nickel from New Caledonia 
ore to keep the price steady. We find the price maintained 
between 50 and 60 cents during the first years of Canadian 
production. From 1902 on, the published prices of nickel are 
surprisingly constant at 42 cents a pound, with a momentarily 
small increase during the World War. Fluctuations since the 
World War, due to a complete revision of the nickel industry, 
brought the price as low as 25 cents a pound, with a general 
average of about 35 cents or somewhat below the pre-war figure. 

Summing up this brief history of The International Nickel 
vompany, it is interesting to note that a period of only 42 years 

4s elapsed since Colonel Thompson made his first delivery of 
nickel oxide to the steel makers. 

The early days witnessed a curious crossing of paths from 
nickel to copper and back again. The start was, by choice, 
purely a nickel enterprise; in a few years, through necessity, 
- became a copper smelting business, and by the unexpected 

iscovery of nickel in ores which were sold to the refiners as 
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copper ores, reverted to a nickel enterprise. There was an 
involuntary crossing from nickel to copper and back again. 
Originally the name “‘Orford’’ was associated with nickel. Later 
it became identified with copper refining on the Atlantic Seaboard 
and only after a successful career in the copper field does the 
name appear again, associated with nickel. 

The contradiction in names occurred in a similar way with the 
Canadian Copper Company, which started as a promising copper 
producer. Only through necessity were its activities centered 
on nickel. 

Not until the consolidation of the two companies in 1902 did 
the principal business of both appear in the company name. 

Until mining and refining interests were united in one company, 
the future was too uncertain for either company to puts its best 
effort into the development of a nickel industry. Once the two 
interests had been united a nickel industry was possible. 

Since the World War, what was formerly a mining, smelting 
and refining business has become a world-wide nickel industry, 
with inexhaustible known nickel deposits, ready to supply the 
future; large natural power resources, smelters, refineries and 
rolling mills, producing a great variety of nickel products. For 
the distribution of these products, the Nickel Company’s repre- 
sentatives are found in every continent of the globe, studying 
many fields for the use of nickel. Even more important than 
these are the increasing demands for nickel due to the widespread 
work of the engineering profession everywhere, in the search by 
industry for better and more dependable materials. The in- 
quisitiveness of the engineer and his creative genius have brought 
to nickel a large and greatly diversified peace time market. 

What was not so many years ago a mining company, smelting 
its ore and refining its matte for a limited nickel market, has 
become a vertically integrated world-wide industry, international 
in scope as well as in name. 


National Metal Congress 


Fifty-five technical papers appear on the program which the 
American Society for Steel Treating has prepared for its sessions 
of the National Metal Congress in Boston, the week of September 
21. This is the largest number of papers ever on an American 
Society for Steel Treating Program according to Ray T. Bayless, 
secretary of the Publication Committee of the Society. 

National Metal Congress programs of the American Institute 
of Mining and Metallurgical Engineers, American Society of 
Mechanical Engineers and the American Welding Society will 
also be larger than usual, making the Congress greater and more 
instructive than ever before. 

The National Metal Exposition will be located this year in the 
spacious Commonwealth Pier, conveniently near the Hotel 
Statler, headquarters of the American Society for Steel Treating, 
the American Institute of Mining and Metallurgical Engineers 
and the American Society of Mechanical Engineers, and the 
Hotel Copley Plaza, chosen by the Welding Society as head- 
quarters. 

More than 200 firms have reserved space in the Exposition 
which will cover 60,000 square feet, almost twice as large as the 
1930 show. The exhibits will display the latest equipment and 
products of the metal industry. 

The American Society for Steel Treating technical program of 
the Congress lists the following papers: 


Solubility of Oxygen in Solid Iron. N. A. Ziegler. 

Hardness of Chromium as Determined by the Vickers-Brinell 
Bierbaum, and Mohs Methods. Richard Schneidewind. 

Dendrites in Nickel Steel. Albert Sauveur and E. L. Reed. 

The Characteristics of Deformation of Steel under Constant 
Load at Elevated Temperatures. G. R. Brophy. 

Some New Aspects of the Lron-Carbon Diagram. H. A. 
Schwartz. 

Correlation of the Crystal Structures and Hardnesses of 
Nitrided Cases. O. E. Harder and G. B. Todd. 

The Resistance to Wear of Carbon Steels. 8. J. Rosenberg. 

Endurance Properties of Some Well-Known Steels in Steam. 
T. 8S. Fuller. 

Corrosion Resistant Steels. R. L. Duff. 

Surface Energy of Iron Carbide. Yap Chu-Phay. 
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